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1, Careful examinatiog of the several* yeports, topo- 
graphical surveys, and levelling sections, rel%ting to the 
districts situated on the western side of the Delta of 
Bengal, prepared. with a view to ascertaining the practica- 
bility of forming a permanent line of inland ¢.avigation 
between the Ganges at Rajmabl, and the Llooghly at 
AMirzapore, bas appeared to the Comiittey to establish ile 
following conclusions :+ 


ch a work would not be 





Ist, ‘That the formation of si 
‘Ailficult. 


Qdly. That its preservation, in a state adapting it for 
being conveniently navigated at all seasons, by vessels 
drawing 5 feet water, cotld bf insured. 


3dly, That considering the extent of the work, and 
the great benefits derivable from it, the expense of its cov- 
struction would be moderate. 


2. Believing it to be generally admitted, * that opening 
and perfecting lines of interior «omnfunication,” (more 
especially those leading from Capitals, having by sea, 
unifnited ¢%mmercial intercourse) has ever been found 


A 


re § 

emingnily conducive to national improvement, it is daemed 
unieceSsary to offer proof of the assertion, furth@r than by 
referrifig to the prosperous state of Britain and. America, 
where such works abound and se faltlfaggimosiet 
with that of any country, howev€r superict én“aatural 
fertility, in which they have continued neglected, or are 
unkpown. 

3. “Bearing in mind that the Garges receives, ingits 
course through 1,200 miles of the central and infinitely 
improvable plains it fertilizes, eleven rivers, “several of 
them equal to the Rhine, few less thmn the Thames,” and 
that when it has reached the hegd of the Delta at Rajmahl, 
its distance-from Calcutta does not exceed 200 miles 3 and 
further having in remembrance, that during a great pértion 
of the year, the only passable channel for boats drawing 5 
feet water, between the latter City (the Capital of Tudia) 
and the station named, makes a circuit af 528 miles, (this 
chiefly through the perilous labyrinth of creeks and woods, 
encumbered straits, forming the wilderness called the 
Sunderbunds), it will readily be acknowledged, that 
amongst the good effects of opening a direct, line of 
permanent navigation* between.deep water in the Hooghly 
above Calcutta, and the great river at Rajmahl, there 
would be the highly important one of its affording the 
means of conveying safely, cheaply, and speedily to the 
Ocean outlet, zucreased quat ‘ities? and ultimately improved 
qualities of the agricultural and mineral produce of the 
entire regions traversed; nor this alone, as by inevitable 
commercial reciprocation, the same line would immediately 
serve for supplying these regions with augmented amounts 
of the sea-borne products or manufactures of other 
countries, - 





* Also answering for irrigation. 


[3 ] 


4s Sygh admission being assumed, the atterftpt to 
‘estimate the financial advantages likely to arse from the 
undertaking gay pveniently be postponed, until an 
abstragt Mas been givkn of the grounds on which é¢ has 
been “deemed practicable, and until some explanation 
thas been presented of the plan, which facts and measure- 
ments have pointed out as best adapted for its atcom- 
Slishment. 


5. Upwards of 30 years have elapsed since the late 
Mr. Telford noticed the possibility of uniting “ the upper 
parts of the Nerbudde with a branch of the Jumna ;” and 
since he asserted that, “ @esides intersecting the adjacent 
“plains, the branches of the Indus might be connected 
‘with those of the Ganges, and an inland navigation 
“ opened between the confines of Persia in the West and 
* those of China in the East.” Now remote*as may be 
the contingencies admitting of the realization of these 
“bold speculations, it is certain that the» could not but 
be accelerated by previously opening the line about to be 
described, and ‘which, if the greater undertakings were 
effected, would have its value inestimably enhanced by _ 
forming (through the Hooghly and Port of Calcutta) the” 
sole channel of convenient communication between the 
Bay of Bengal, and the body of the Ganges, then con- 
stituting the “main trank” ,of the mighty line of inland 
navigation contemplated. : 


6. Between permanent deep water in the Mirzapore 
Creek, or Curree Nullah, (2 miles, 1 furlogg, and 230 
feet,) above its entrance to the River Uooghly, and the 
rock-bound and unchangeable bank of the Ganges at 
Rajmabl, the distance” by the intgrmediate line of Canal 
laid down on the accompanying surveys, is 129 miles, 1 
furlong and®200 feet. 
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7., The total water surface fall in this distange, efther’ 
by this line, er by the shoaly bed of the Bhaugiruttee river 
(which between the same points makgS acirguitoils course 

~ 6f190 miles, in a direction sche eee Pa ggarly 
north and south) zs 53 fect 5 inches. 


9. -Making the bottom of the Canal, at ifs head at 
Rajmahl, a depth of 6 feet below the lowest or dry* 
season water surface of the Ganges, ard giving it a fadd 

_ of little more than an inch in the mile (in reality of 6 feet 

~jn 360930 feet, which is at the rate of 1.053 inches in a 
mile) the entire slope or fall of th bottom in the total 
distance from thé Ganges to the Gurree Nullah, 129 miles, 
J furlong arid 200 feet (equal to 681980 feet) would, be 
11.337* feet ; which deducted from 53 feet 5 inches 
(or feet 53-4165) the total water surface, difference of level 
at Rajmahl and at the Nullah at Mirzapore, leaves a 
descent of feet 42.0796 to be provided for by intermediate 
lockage. ie 


9, With this fall, or slope, the BoTTom of the Canal 
will be precisely on a level with THAT of the bed of the 
Spwarka River at the spot where the latter will have to be 
crossed, that is, at a distance from Rajmabl of 68 miles, 2 
farlongs and 570 feet—(this being equal to the 360930 
feet that for the general slope of the bottom of the Canal 
was made the basis of the preteding calculation.) 


10, Thus sloped the bottom of the Canal will be 5.9901 + 
feet above that of the bed of the Bansli, at the most con- 


venient pois for its being crossed, 39 miles and 200 feet 
to the southward of Rajmahl, and ata distance from this 





© See page 150 of Calculations. 
4 See page 92 of Calculations. 
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- station, gr from the Ganges, of 84 miles, 1 furlong, and 130 
feet, the bottom of the Canal at the point of cugssing, below 
the junction of the\More and Queea Rivers, will be feet 

2, Mdaaldye that of their united bed. At the crossing of 
the Ady River, 111 miles, 6 furlongs, and 520 feet from 
‘Rajmabl, thé bottom of the Canal (intermediately lowered 
by a regulating lock, having a full of feet 3-0605,)* will be 
"precisely on a level with that of the bottom of the bed of 
the Adji. 


11. Here attention being given to the fact, that during- 
nearly half the year; the beds of these streams, forming the 
principal water drainagee channels of the foantry the Canal 
would intersect, are nearly empty ; it will be“obvious that, 
to retain, during the dry season of the year, a depth of 6 fect 
of water in the Canal, it would be requisite that their beds 
should be crossed (in a direction parallel te that of the 
Canal) by dams of the following heights : 


Feet water — Feet heights 


in Canal, of dam, 
+1st. The Bansli by adam,... 5.9901 + 6 = 11.9901 feet. 
t2d. The Dwarka by adam, O0+6= 6. feet. 


§3d. The united More and 
Queea by a dam, ... 
q4th. The Adji by adam, ... 0+6= 6. feet. 


t 2114 +6 = B1T4 fect 


12, Supposing dams of these heights formed at the 
respective crossings, and that these dams contained sluices 
opening down to the bottoms of the river beds or chan- 
nels crossed, it will easily be understood, that the setting 





See page 150 of Calculations: 

See page 92 of Calculations. 

See paragraph 9, 

See page 145 of Calculations. 

See latter part of parograph 16, 
. 
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open of one or more of these sluices (commencing With 
those of the dam nearest Rajmahl) would, even at the dry- 
est season of the year, occasion in succesGive portiorfs of the 
Canal such currents as wnlimitedly “Fef. by water njering 
from the Ganges, would have the effect of clearing. out 
from the bottom of the Canal any possible alluvial deposit. 

In illustration of this point, let it be supposed, that the’ 
depth of water in the Canal was (as it would be in the dra 
-season) 6 fect, and that at the same time the depth of water 
in the (nearly empty) bed of the Dwarka River, below the 
dam was 6 inches, it will be perceived, that if under these 
circumstances ¢ siuice in the dam, say 6 feet wide, and 
extending down to thé bottom of the river bed was opened, 
the water in the Canal having its surface elevated 5} fect 
above that of the river below the dam, would flow out with 
the velocity incident to such a head; and the calculation 
for the discharge through such a sluice or opening 
(64-53 feet) beingemade, it will be found that, aided by the 
slope in the bottom of the Canal, the ‘quantity discharged 
in an hour would be 2,138,100* cubic feet. 


Here noting, that the Canal, with a depth of 6 feet 
water, and having a breadth at bottom of 50 feet, and 
side slopes of 14 horizontal to 1 perpendicular, would have 
a minimum section of 354 square feett open to the 
Ganges, and that the proposed bottom slope of 1.053 inch. 
in a mile, would (when all the dam sluices were closed) 
only make the velocity of the descending current 3,046 
feet, or 4 furlongs and 406 feet (little above half a 
mile) in an hour, it will {by multiplying the area of the 
section 354 by the velocity 3,046) be discovered, that the 





* See page 10, Ist copy. 
+ 59x 6==2354. = 
¢ See pages 158 and 15. of Ualculations, 
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quantity of water received in the Canal in an novR would 
merely Be 1,178,284* cubic fett. 


Now as tlMs is an\amount not much exceeding half ‘of 
that-“wwigh it has Ween ascertained would be discharged 
by one such sluice as has been described, viz. 2,138,400 
cubic feek per hour, it will be obvious that this compara- 
jtively great discharge would speedily have the effect of 
lowering the suyface of the Canal in the vicinity of the 
sluice, and consequently that of setting in motion a 
current between it and the Ganges which, necessarily,” 
would increase ine velocity until the supply received at 
Rajmahl equalled the discharge by the sluice. From 
which it cannot but Be inferred that by successively 
optning one or Mone such sluices in each dam, any velo- 
city that could possibly be required for preventing alluvial 
deposits or for removing them if formeg, could be 
insured. 


It indeed may be mentioned that as, when this equality 
of supply and of discharge had taken place, the mean 
velocity of the intermediate current, would be. 6,040+ feet 
(or 1 mile, 1 furlong and 100 feet per hour), and that as 
this velocity is at the rate of 20.112 inches per second, 
while it is known that on a smooth devel bottom a velocity 
of 12 inches per second is sufficientt to lift and set in 
“ motion fine gravel,? it tecomes certain that by open- 
‘ing in the order of their succession from Rajmahi, merely 
ONE such sluice in each dam, there would, even at the 
dryest season, be established an amply efficient scouring 
current from end to end of the Canal, 





* See page LI, Ist copy. 
+ 2,138,400=6,040. 
35 
Page OP5 Appendix of Telford's Memoranda, and Brewster's article 
Aydrody namics, . 
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13. Alt. remains to be explained that by placing (zs is 
proposed] in each of the four dams a set of siuiceS of the 
dimensions stated, so constructed as cgnstantly tocremain 
open, with their edges presented to the current of ghe river 
crossed, when the depth of water in “the Canal®ezeécded 
6 reer 3 INCHES, such a thorough scour would be caused 
through THEsE, and consequently through the imervening 
reaches of the Canal, during the period they continued - 
unclosed (probably 5 months in the year)-as would seldom. 

_(if ever) render it necessary they should be opened for a 
similar purpose in the dry season. 
. a 

14, In fact bearing in mind that during the dry season 
alone, the fil of rain water amounts to 28 inches, and 
that as the Canal would partly serve as a reservoir or 
catch-water drain for the country to the westward, its 
surface would occasionally be raised by portions of this 
fall (occurring at intervals) more than 3 1ncHxs, therefore 
more than a sufficient height to open such self-acting 
sluices, it will be seen, that the process of scouring 
(always incident to their being opened, and ever accom- 
panied by an increased current from the Ganges) would, 
even in the dry season, intermittingly, but inevitably, take 
place, 


15. It moreover is not unworthy of consideration that 
were these sluices formed so as’ not to be perfectly 
water-tight, the only effect of theirleakage would be that of 
constantly keeping up a current from the Ganges, through 
the Canal, of itself beneficial in scouring. 


16. By means of such sluices, and of * step-gates” placed 
in the reaches situated between the dums, it will be evident 
that during the dry season (or half of the year) any part 
of the bottom of the Canal could be laid dry, either for the 
purpose of deepening it (if ever fonnd vequisite) or for the 
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Tepair of the few works rendering it a line of per mapently 
“navigabl® communication. 


7. By clasing aiathe season alluded to, a pair of thase 
* stop: Szgtes,” the wafer in the Canal on the upper or Raj- 
qahl side of them would necessarily be raised, until, abreast 
of the nearest “dam above, it had acquired the depth of 6 
feet 3 inches, or the additional head of 3 inches, render- 
ed a by the form’ of the sluices sufficient for setting them 
open; but as it has already been explained that their 
being in any way opened would have the effect of establish- 
ing a scouring current through the portion of the line lying 
between them and the Ganges, it will be seen that one of 
various convenient modes ‘of opening the set” of sluices in 
any particular pam would be by closing across the bed of 
the Canal the pair of stop-gates immediately. below it. 


18. To revert, however, to the preceding case, it will 
be perceived that if in the dry season, a pair of stop-gates 
had been closed while the sluices of the nearest dam below 
had been opened,.so as either partly or entirely to lay dry 
the adjacent subdivision of the Canal, the drawing up of 
the paddle boards of the stop-gates, (then having against 
them a head of water 7 or 8 feet high,) would necessarily 
cause a scouring current directly along the line of the Canal, 
as powerful as could safely be employed, or could ever by 
any possibility be requived. ¢ 


19. Finally, on/this point, it may be remarked that 
nearly the same effect as would be insured by the perma- 
nent construction of the stop-gates, would be obtained by the 
gradual removal of a small bund or embankment, of the 
same height as the stop-gates, TEMPORARILY formed across 
the Canal. 


£ 
20. Havfng thus ascertained that were the communi- 


2... . ry . 
eation forme® on the liné, and in the manner indicated, 
there would readily be available Smple means of keeping it 

B 


Ess) 


permenently navigable, it remains to be shown that the. 
facilities afforded by the sofl to be cut through, and by the 
localities generally, for the construction of the requisite 
works, are greater than had been anttipated. 


21. When the first general survey was commenced,*,. 
it was imagined that the levels of the country were such as 
would have made it necessary to have carried the Cana}, 
jn a Gircuitous course to the westward, where it would 
have crossed the hill streams by aqueducts situated near to the 

~ hills, consequently in sites where during part of the rainy 
season their currents (then contained- between the banks 
of very broad. channels, having rapid descents) would 
have had such great velocity as to have rendered the con- 
struction of these works (there necessarily consistitig of 
piers of considerable height) exceedingly expensive. 


It is:now however proved, by the completed topogra- 
phical survey, and by a series of accurate longitudinal 
and transverse sections (extending upwards of 1,000 miles) 
that on entering the plains to the eastward, (but still to 
the westward of the Delta of the Ganges,) the various 
streams alluded to become united, so as to admit of the 
Canal being conducted across them by the four low dams, 
partly described in the 11th and following paragraphs. 


ww 

22, Thesame sets of plans,t_and the reports which 
accompany them, also combine to prove that the average 
length of these dams may safely be mage less than half of 
that which it would have been necessary to have given to 
the high svestern aqueducts, and consequently, that not 
merely the greater part of the expense of these larger 
works may be avoided, but moreover, that of huge embank- 
ments, which, near most of their sites, would have been 





t. In the year 1831 or 12 years after the Canal was proposed by Lieu- 
tenant Forbes. of 


+ Plans occupying 60 large sheets of drawing paper, exclusive of 15v 
square feet containing the topographical survey. 
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-retjutred gfor raising the Cana] to what there woylé have 
been their comparatively greatly elevated level® 


4 On these points, the final report of Lieutenant 
ae States, CaN further examination of the plans 
“% and sections will show that, with the Ganges as a feeder, 
“and by ‘pursuing a line nearly direct, the Canal will 
“intersect the Bansli after it has been joined by the 
“Pogla, the Dwarka after “it has been joined by the 
** Bimmaney, and the More below the present junction 
“ of the Queea. It will moreover intersect (in these and 
“in the Adji) all the hill streams where their channels 
‘may be said to be permanent ; where they have lost the 
“ viglence of mountain torrents, and become ‘when highest 
‘ SLOW MOVING INUNDATiONs ; and lastly, it will intersect 
‘them at points where their beds are very little lower 
“ than the’bottom of the Canal, anp WHERE ifaMs ONLY, 
* and not agueDucts, will be required.” 


24. One of the circumstances here alluded to, viz. that 
of the currents of the hill streams being converted into 
SLOW MOVING INUNDATIONS where the Canal on the line 
finally proposed would cross them, it may be well to 
explain would be attributable to their being met in the 
vicinity of the lower crossing points by the wide spreading 
inundation of the Bhaugiruttee River, which having its 
tortuous course generally par fallel to the line of the Canal, 
consequently at right angles to the direction of the 
easterly flowing hill streams, would partly act as a dam 
in making the water brought down by them, stand back 
almost without motion in their beds, and on the extensive 
low lands adjoining their banks. 


25. By the joint inundation thus produced in the vici- 
nity of the rvers which would be intersected, it will be ob- 
served, thatthe fourdants requiring to be formed in their 
bottéms foe insuring in tRe dry Season a depth of 6 feet of 


1 
[2 j 

water‘ the Canal, wonld, to a considerable depth, be. 
overflowed y y but as the sluices of these dams would, from 
the form given to them, necessarily then’ remain épen, and 
as it is proposed that the dams should entirely ¢ cénsist of a” 
series of sluices placed (between strong cast iron Blades, or 
piers) so as only to close when the depth of ‘water in thé 
Cana’ falls to 6 feet, it will be seen that to insure to any one 
of the slow moving” currents of these four rivers as fret 
a water section as it at present has, it would only be neess- 
sary to avoid embauking the Canal across the lands adjoin- 
ing a river bed, and now at the height of the inunda- 
tion overflowed, and to increase the section of the channel 
containing the * slow moving” zurrent, and the low dam, 
at the site of the latter, as much as would compensate, for 
the inconsiderable retardation that would be occasioned to 
such a current by the edges presented to it of the opened 
sluices, and. by. the sloping ends of the iron blades con- 
stituting the intermediate stuice piers. 


_-26. Under the circumstances adverted to, or at the 
utmost known heights of the inundations, the water in the 
Canal would stand 22.426 feet above the piers of the 
Bansli dam, 16 feet above those of the Dwarka dam, 17.386 
above those of the More and Queea dam, and 13 feet above 
those of the Adji dam. 


The utmost depth of water in the. Canal would then be* 
at the head at Rajmahl 40.5 feet, at the Bansli dam 
28.426 feet, at the Dwarka dam 22 feet, at the More and 
Queea dam 23.386 feet, and at the Adji dam 19 feet. 
Were the“anal embanked on both sides (excepting in 
the vicinity of the dams) above the level of inundation, the 
utmost superficial velocity of the current entering it, (when 
the depths were as above stated,) from the Ganges, and 
flowing off with the nearly motionless inundation of the 
Bansli, where it would be intersected, could “not exceed 





* Onan aberage of years only 28 feet. 
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2 mitts, 3 furlongs and 480 feet in AN HOUR.* Between 
the inundation of the Bansli and that of the Dwarka, 
“the utmSst superfiaial velocity of the current *in the 
*Canalya during the” inundation, would be 1 mile, 7. 
furlongs *per hour.t “From the Dwarka to the united 
More and Queea, there would then in the Canal be no 
current, in as much as their inundations commuricate 
fheely, and consequently have the same level, The 
ewreme superficial velocity of the current in the Canal 
between the More or Queea, and the Adji, during the 
inundation, could not be greater than 2 miles, 2 furlongs 
and 309 feet per hour;{ but as these rivers are occasion~ 
ally not at the same periads, in a state of tnandation, one 
of tye locks proposed to be employed wouldbe situated . 
between them, at the commencement (to the northward 
of the Adji) of the firm [unéllavial]. imteryening ridge of 
land, where, acting as a regulating lock, it covfld be made 
to modify the current as found expedient, and where, when 
the general inundation was subsiding, it ceuld be rendered 
instrumental in scouring the adjacent reaches of the Canal, 


The utmost possible superficial velocity of the current 
in the Canal between the Adji, and a lock situated 35,560 
feet from the lower end of the Canal, would be 2 miles,§ 
1 furlong and 594 feet per hour, and above this lock, the 
water not required for the use of the Canal, would freely 
overflow into the wide*low fevel of the inundated Curree 
Nullab, communicating with the Hooghly River. 


2%. The difference of level between the bottom of the 
Adji where crossed by the Canal, and the bettom of the 





* See page 171 of Calculations, where it is estimated according to the 
Rule given in page 200 of Dr. Yourg’s “ Summary of Bytelwein’s Hydrau- 
lies"—edited by Thomas Tredgold (the 24 Edition published in 1836.) 

+ See page*64 of Calculations. 

$ See page 466 of Calculations, 

§*See page 168 of Calculatiens, 


[ 4] 


Currée Nullah Where the water in it (at the lower gnd of the 
Canal) i is 6 feet deep, is 42. feet,* the intermediate distance 
is 144,420 feet, (or 27 miles, 2 furlongs tnd 340 feet,) and _ 
if between these points, the Canal were cut with one 
uniform slope, or so as not to employ locks, the velocity of 
the current in the dry season, when the léast depth of 
water in the Canal would be 6 feet, would “be 11,880 
feet + (or 2 miles and 2 furlongs) rer Howr, and with this 
velocity, and depth, the discharge into the Curree Nulled, 
or into the adjacent Hooghly River, would be 4,205,520 
cubic feet of water per hour,t but as the Canal from the 
Adji to zts head at Rajmahl can only have a bottom slope 
of 1,053§ inches ina mile, whick at the same season, with 
adepth of 6 feet, would but admit of the current entering 
from the Ganges, having a velocity of 3,046] feet (or 4 
furlongs and 406 feet) per hour, the total admission of 
water front the Ganges could then only be 1,078,284 
cubic feet per hour, and it.-hence becomes apparent. that 
unless the water brought into the Canal, during the dry 
season, by the “Adji, More, Dwarka, and Bansli Rivers, 
could be depended on for regularly supplying the differ- 
ence, (42,05,520—10,78,284)=3, 127,230 cubic feet per 
hour, which (being then occasionally almost empty) could 
not safely be calculated on, the depth of water in the Canal 
would, certainly, at this season, getreduced below 6 feet, and 
as this could not be permitted, it becomes obvious that the 
introduction of the lockage** adverted to in the preced- 
ing 8th paragraph, would be indispensable. 





= Making the fall per mile 18.2 inches, 

+ See page 175 of Calculations. 

4 See page 177 of Calculations, 

§ See paragrapti 8. 

{| See pages 144 and 157-8 of Calculations) 

q{ See page 177 of Calculations. 
®» 4 locks, which, with the 2 previousy méntioned, would make-the he 
- total sumber of locks 6; the num*er of dar-s being but 4, 
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28. The circumstances stated, also show, that af an 
attempt ®as made to rectify the exceedingly fortuous 
course of the Bhgugirruttee River, between the mouth of 
the Adji Rivér at C@utwa, and the mouth of the Curree 
Nullah a¢ Mirzapore, (or the lower end of the Canal in the 
Hooghly), by cutting through the narrow necks of the 
intervening* loops or horse-shoe bends, “the immediate effect 
ef such rectification would be its laying nearly dry for 
sexeral months in the year the bed of the Bhaugirruttce 
between the Adji and the shoals periodically formed in the 
former River near its exit from the Ganges; yet such 
rectification of the B&augirruttee has not infrequently been 
proposed as the means of improving its.aayigation; and 
were the Canal levelling sections of no othemvalue, they 
would be useful in demonstrating that an outlay of money 
on attempts, by such cuttings, ¢o improve the communica- 
tion through the bed of the Bhaugirruttee, couldeonly termi- 
nate in making it (if possible) worse, 

TO ag Tene lee « 

29. The comparatively great difference of level between 
the Bhaugirruttee at Cutwa, and (its continuation,) the 
Hooghly at Mirzapore, being in the direct line of its 
present course at the rate of 7.2652* inches in a mile, also 
explains the great tortuosity of its intermediate bed, and 
the cause of its constant shallowness in the dry season ; 
as, running through the soft and sandy alluvial soil of the 
Delta of the Ganges;(which the Canal does not,) such soil 
could not possibly bear the abrasion and under-catting 
incident to a current of 6 miles per hour, which it at least 
would be, during the inundation season, if the lower third 
of the course of the Bhaugirruttee were straightened so as 
to make its fall (what in a direct line it actually is) 7.2652 


inches per mile. 
. 





* * See page 188 of Calculations, also Lieutenant Cunningham‘s Table 
of the fall o& the Ganges “ and*Bbaugiruttee,” Division 3d of his Report, * 


In, such a soil, 
with such a veloci- 
ty, the channel,, in 
place of continuing 
straight, necessarily 
acquires the serpen- 
tine curves, and cir- 
cumflections, which 
the accompanying 
Map of itrepresents, 
and which, by -re- 
ducing the fall, in 
its crooked gonrse, 
to 3} incies per 
mile, enables the 
banks, for a time, 
or.until the neck of 
one! of the loops is 
,cut through, to hear 
the reduced current, 
but as the imme- 
diate effect of this 
natural rectification 
is an increase of fall 
per:mile in the bed 
adjacent, * and con- 
sequently a great 
qucal increase of ve~ 


{16 ] 


* Suppose the bend.A B C to be 14 miles 
in length, 





And to have a fall from A to B, and B to C, 
at the rate of 3} inches in a mile, and that 
the cut A C beiug one mile in length, is 
formed, it is evident that the total fall in thie 
cut, of one mile, will be 34 inches X 1035 
inches, or nearly 3 feet, and consequently that 
the velocity of the current passing through it, 
will be so increased as to produce the effects 
described. 


locity, it is invariably found that each such event precedes, 
and occasions, the formation of a similar horse-shoe-bend, 
pointing in an opposite direction, in the thus everchang- 


ing natural channel. 


30, As the above description applies generally to the 
northern portions of the Rivers of the Sunderbunds, or 
to those of the Delta of the Ganges, not directly and 

+ powerfully influenced byethe tides of the head of-the 
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Bay*of Bengal, the slightest inspection of any tolerable 
Map shtwirie the present course of these rivers to the 
southwafd from the Ganges, and the numerous ihterme- 
* diate Jheals, or stagnant pools, which at one time formed 
portions*of their channels, will prove that an alluvial 
region whiclr has been so traversed over by these streams, 
*and which Ss still as much as ever subject to beingeagain 
fraversed by them, is as badly as possible adapted for the 
site of a permanent line of water communication from the 
Eooghly above Calcutta to one of the easterly Sunderbund 
streams leading to the Ganges. Yet within the last few 
years, the opening of such a line, crossing by locks, and 
loose brick dams, large ayd deep rivers, soystantly liable 
to the changes that have been adverted to, hf been seri- 
ously proposed. Nor so situated and constructed could 
there be but two objections to undertaking such a work, 
the one, that from the nature of the dams proposed, it 
would be nearly empty in the dry season, the other, that 
from the peculiar construction of the logks exhibited, it_ 
would in the season “$f inundation be impassable. The 
latter objection might apparently have been got rid of by 
leaving the locks open during this season, bat being useless 
in the dry months, this would have been tantamount to 
totally omitting them from the plan, a measure that (as 
correctly affirmed by its inventor) would have led to 
another extraordinary inconvenience, namely, the speedy 
filling up of the very deep (and consequently very costly) 
channel proposed to be excavated by alluvion thrown 
into it by the inconstant,“and ungovernable, rivers cross- 
ed. The million-horse power of those Sunderbund Rivers 
cannot be trifled with, by brick dams, §c., but even had 
other dams of solid stone masonry, or such as would have 
had a chance of resisting the force of their currents, been 
proposed, it is sufficiently evident, that their only effect 
would havg been to make the streams (as is their habit) 
c 
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form “or themselves new and comparatively unobstriicted 
> 
channels, 


81. The Committee appointed in 1881, -to. report” 
«« whether there be any and what prospect of keeping the 
« Bhaugirruttee River open, or, of EssENTIALLY improving 
“the navigation of it by any means at the disposal of* 
« Government,” after arriving at the conclusion that therd 
was not, and that the certain result of forming a cross 
channel between one of its upper reaches and. the 
Ganges, would be the early filling up of this channel 
by shoals of alluvion, similar to those Snnually deposited in 
the Bhaugirratve itself, recommended the construction of 
the Rajmatii Canal, or of the one immediately under con- 
sideration, expressly, on the ground that “no cut running 
“nearly east and west, therefore generally at right angles 
“tothe mzin discharging branches of the Ganges, will 
« ver be fouid vermaNenTLy favorable for navigation.” 


This Committee consisted of Colonel McLeod, and of 
Captain Forbes (Engineers) and of John S. May, Super- 
intendent of the Nuddeah Rivers; and bearing in mind 
that the party last named was one of those who, on the 
Grounns alluded to, and on others stated in the Report, 
joined in urging on the attention of Government the supe- 
rior facilities for permanent navigation that would be 
afforded by the Rajmahl line, it appears inexplicable how 
he could subsequently have fallen under the delusions 
which led to his proposing the line from the Hooghly to 
the Goroy, referred to in the preceding 30th paragraph ; 
and which, running nearly “east and west across some of 
“the main discharging branches of the Ganges,” and 
being in consequence liable to the impracticabilities pointed 
out, would certainly be as unfavorable for “ permanent 
navigation,” as could well be imagined. Dy 
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3% Asthe Rajmahl Canal would skirt the western 
side of tl Delta of the Ganges,*and would there generally 
have its site on grpund, which so far from being composed 

sof Ganges alldvion, i$ probably coeval with the adjacent 
hills of whith it forms*the base, it will be perceived, that 
so situated, its.line would have between it and the Ganges, 
the rocks at Rajmahl and at Oodwa Nullah, and, that 
subsequently having a course nearly due south, therefore 
diverging from that of the Ganges, it would pass through 
the hard clay spurs or ridges, surmounted by rock, met 
with in the vicinity of the villages of Chunsur, Sookur 
Bagsinee, Kendooa and Gugganpuharree, ridges which, 
although reached by the inundation of the Ganges, and 
consequently now superficially presenting ‘ius alluvion, 
would effectually serve (as they heretofore have done) to 
keep its. channel in the sufficiently remote north-easterly 
direction it ever in this quarter has occupied. Further to 
the southward, the Canal would have interposed between 
it and the Bhaugirruttee River the high ridge and ranges 
of hard red clay terminating: far to the “southward and 
eastward at Rangamuttee, a village situated on the western 
bank of the Bhaugirruttee ;—and southward of this village 
there would be interposed the comparatively low ridge 
separating the Queea and Bhaugirruttee Rivers, as well as 
the bigh, and never-inundated, ground lying to the west- 
ward of the Queea, between the village of Burrutpoor 
and the junction of the Queea with the Bhaugirruttee, 
5 miles to the northward of Cutwa. 


Having crossed the Adji nearly 4 miles to the westward 
of Cutwa, the Canal, keeping clear of the old chatmels of the 
Bhangirruttee, would pass through the end of a ridge 
interposing between the Adji ‘and Damooda Rivers, and 
would thence proceed until it re&Ached the deep Curree 
Nullah, ang the adjacent tide-influenced (therefore deep 
and changeless) channel of the Hooghly at Mirzapore. 
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33, The descent to the Curree Nullah would be efect- 
ed by ‘fouz contiguous focks, each having a fall of 7.92 
feet.* Situated on its hard, but easily exeavated, s1orthern 
bank. 


34, As the utmost velocity of the current entering the 
Canal from the Ganges during the greatest kuéwn height 
of the inundation would be (as mentioned in paragraph 
26) only 2 miles, 3 furlongs and 480 feet, it has, (after 
much calculation, and atter the consideration of all the 
contingencies which can be supposed to affect the ques- 
tion,) been concluded, that it would ke perfecily safe, and 
in various ways, advantageous to dispense with the use of 
locks near the head of the Canal in the Ganges. 


“85. Such locks, if introduced, would in the dry season 
have had their gates to have been kept constantly open, 
avid/of consequence, they would then have been useless, 
and if it is supposed that, in the tnonths of inandatioi; one 
lock (or two pairs of gates) were employed, it will be 
perceived, that if the water standing back from the Ganges 
below Rajmall were allowed at the lowest levels freely to 
enter the Canal from the’eastward, as for instance at the 
point where it crosses the Oodwa Nullah nearly 6 miles 
to the southward, the utmost difference of level of the 
Ganges above the upper pair of these gates could not 
(supposing the lower pair open) exceed the total fall in 
these 6 miles of the Ganges, and as the (surface) fall of the 
Ganges at this season, is but 33} inches ina mile, it 
hence appears that this total fall in the 6 miles (6m, x 33 
inches) cofild only amount to 18% inches. It thus will be 


seen that the only use of the lock alluded to would be to 
- 





* See page 151 of Calculations, 
+ See Lieutenant Cunningham’s Table of the “ Faf of the Ganges 
* and Bhaugirruttee from Rejmahl to the head of the Bhaugirruttee,” 
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raise *r lower the vessels passing through the Canal ,dur- 
ing a few%nonths of the year a tight of 14 fees. But as 
it. has akendy. been mentioned that the velocity* of the 
current _engering the Canal, could not excced 2} miles an 
hour, aml ‘as the entrance channel would be formed 
through rock. and such soil as would not be injuriously 
affected by*so moderate a current, it further is ohyious 
that the retardation it would occasion to vessels ascending, 
would in reality be Jess (and in other respects less incon- 
venient) than that which would arise from making every 
vessel proceeding either upwards or downwards enter a lock 
only affected by such*an inconsiderable difference of levels. 


36. It may here be r@marked that the same fall per 
mile as in the broad and deep channel of ‘the Ganges 
causes a great velocity of current, would only in the com- 
paratively narrow and contracted channel of the Canal, 
occasion the diminished one estimated aboves according 
to the formula of Eytelwein. 


37. By forming payt of theearth excavated from the Ca- 
nal, between its head and the base of the conical hill it passes 
near the village of Oodwa Nullah, into an embankment, 
rising on the western side of the Canal a little above the 
inundation of the Oodwa Nullah Jheels, there extending 
far to the northward and westward, the immense body of 
water. contained in the reservoir thus formed might, either 
separately, or in combination with the sluices constituting 
the river crossing dams, be employed in scouring from 
the head, or from the reaches of the channel interposing 
between Rajmall and the Bansli, such alluvial deposits as, 
when the annual inundation was subsiding, might tempora- 
rily be formed. 


38. In place of a lock, a pir of stop-gates (such as 
have prevjously been described, but which need not 
exceed 12 feet in height from the bottom) might be placed 
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in the Canal in the hard low ridge of ground sitaated 
about a mile to the southward of Rajmahl, afd which 
being closed, (when the inundation was running off,) whilet 
sluices communicating with the res¢rvoir formed by thee 
Oodwa Nullah Jheels were opentd, would ‘emble the 
entrance channel or head to be scoured into the Ganges 
by a current easily regulated to such a velocity as, for the 
purpose, might be required. ° 


39. By similar means, or by reservoirs, filled during 
the season of inundation, any deposits formed in the Canal 
in the vicinity of its four river dams might be speedily 
removed, and ag the powerful current afforded by these 
reservoirs avould be supplemental to the scouring action 
insured throughout the line by the construction of the 
dams, and as with reference to the instrumentality 
of these last, (constant in the season of inundation 
and occasional in the dry months,)’ it is* probable such 
additional aid would never “be required, (this ‘Wore 
especially when it is borne in mind that any portion 
of the line could temporarily be laid dry for the 
removal of deposits,) it is apparent that the construc- 
tion of such reservoirs would be unnecessary, save in 
localities where they could readily and almost at no 
expense, have their embankments formed by the earth 
excavated from the Canal. 


40. Having in view the historical detail given in 
Lieut. Cunningham’s Reports of the changes which have 
taken place on the channel of the Ganges in the vicinity 
of Rajmafi,* and having regard to the circumstances 
affecting this point, stated in our former reports, we see 
no reason for apprehending that the branch of the river 
now flowing past the Yocks, which would constitute the 





* Once the Capital of Befgal. 
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bulwarks of the head of the Canal, will ever be le im- 
passable fr vessels drawing 5 feet of water, or for “such as 
at all seasons coyld safely and speedily pass through the 
Aine of nayizatton proposed to be provided. 


41. However far the main body of the Ganges may for 
atime havevretired from these rocks, they appear always to 
have been skirted by a navigable stream directly communi- 
caling with it, and which must constantly be kept open 
(and if ever left a back water probably to a still greater 
depth) by the Nullahs fed by the springs met with, and 
the rains falling, onthe range of hills situated between 
Rajmahl and Sicly-gully. 


43. It may also be observed that through this channel, 
the entire body of water brought down by the Ovdwa 
Nullah, added to that collected in the immense reservoir 
formed by the Oodwa Nullah Jheels, would,” under the 
circumstances speculated on, the temporary retirement of 
the main body of the Ganges from thes® rocks, be dis- 
charged to the Gangés through the branch or channel 
continuing to flow round them, and into which channel 
during the dry season, or the only period at which it 
could by possibility be impeded, the whole contents of the 
reservoir could be admitted from under a head (or sur- 
face level) elevated 20 feet, and consequently with such a 
velocity as would insure its permanent navigability. 


43. The highly favorable circumstances under which 
the lower end of the Canal would enter the Hooghly, in 
the vicinity of Mi:zapore, were generally explained in our 
previous reports, and have now, with reference to the 
accurately known levels, been ee detailed in the accom- 


panying Reports prepared by Lieyt. Cunningham. 


44. Tha great extent of country drained by the 
Curree Nullah into the Hooghly, will certainly always 
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secuve an ample depth of qater in the short portion 6f the 
Nullah’ sitgated between the river and the & locks proposed 
to be formed on the high and hard grourd on thenorthern 
bank of the Curree, and which, opening fo the central” 
reaches of the Canal by another Idck, and by thé regulat- 
ing one situated on the ridge to the northward of the 
Adjis would, as regards this description of work, complete 
the communication between the Hooghly and the Ganget. 


“45. In summation of what has above been stated, it may 
be observed, that after the fullest consideration we have 
had it in our power to give to the plans and levelling sec- 
tions, furnished by Lieutenant Cunningham, and to the 
mass of vaMable information either contained in his Reports 
or embodied in the tables annexed to them, and further, 
that after having reviewed «ll the facts and circumstances 
previously escertained relating to the subject, we have seen 
reason to conclude that by means of the 4 dams described, 
the 6 locks advgrted to, the few stop-gates (for facilitating. 
scouring) mentioned, and the Oodwa Nallah Jheel re- 
servoir, and such other scouring reservoirs as could readily 
be formed on the westeru side of the Canal, the line of 
navigation proposed could certainly, at all seasons, be kept 
in a state adapting it for being navigated by vessels draw- 
ing 5 feet of water. We also may state, that the line 
having thus been formed, it will diminish the navigable 
distance from Calcutta to Rajmahl for the River Steamers, 
during the large portion of the year they are now obliged 
to pass round by the Sunderbund’ Channels, 326 miles.* 
It may moreover be noted that, as during the same period 
the same Gistance of 326 miles would be saved to nearly 
all the vessels and country craft employed in carrying 





* The distance by the Sunderbund Channel is 528 miles, while that, 
724 miles by the Hoogly and 129} by the Canal, only qgmounts to 202 
miles, and 528 —202—=326 miles. 
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passengers, produce, manufactures, military stores, troops, 
treasure, &c, between Calcutta and the Gangew the effect, 
as concerns expeditious transit, of opening such’a line, 
‘would in some measure be tantamoun: to that which would 
proceed Yrom providing each and all of the descriptions of 
craft referred to with Steam Engine power. 
* 


» 46. During the season of inundation, such a direct 
and, comparatively, still water line of navigation would 
certainly be passed through by all classes of vessels as- 
cending from Calcutta to the great river, inasmuch as'by 
means of it, most of the time at this season lost in contend- 
ing with the then rapid, and ever tortuous, Bhaugirruttee, 
would be avoided, as algo the risk in the latter, annually 
leading to numerous wrecks, and to total losses of large 
amounts of property. 


But independent of the number of deeply toaded eraft 
that, with reference to the latter consideration, would at 
this season also descend by the Canal, it:is obvious that 
during the large portion of the year, when for such vessels 
the Nuddeah Rivers are altogether impassable, it would 
necessarily be constantly resorted to by them, 


47%. Adapted as concerns lockage for conveniently 
passing 360 vessels (including Steamers) in a day, some of 
the circumstances adverted to in our former Reports, and 
amongst them the fact that at one time, when ¢wo of the 
Nuddeah Rivers weve only passable for dinghees, (or the 
smallest description of country boats,) and that whilst at 
the same period* the third one was only navigable for the 
minor class of cargo boats, the annual collections in the 
form of Toll, at the rate of 1 Rupee per 100 maunds, on 
the total tonnage passing throb these channels, amount- 
ed to 1,50,000 Rupees, assuredly prove, that if the com- 
paratively safe and direct line by the Canal were once 





* The dry season, 
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openad, and fairly established, the total amount of torfnage 
daily passigg through it would not fall short of 3,500 tons; 
which {at 27 maunds to a ton) would make the ¢otal 
number of boats passed in a day each averaging 600° 
maunds burden) 135, and if (as proposed in ofr former 
Reports) the toll levied was at the rate of 2 Rupees per 100 
maungs,“it will be seen that the annual income derivable 
from the work would be upwards of 5,80,000 Rupees. 


48. By careful and necessarily very laborious examina- 
tion of the system of levels, transverse, and longitudinal, 
furnished by Lieutenant Cunninghas, and on considera- 
tion of the ratgs of labour ascertained, it appears that in 
the line ofaleast cutting, and that otherwise best adapted 
for the navigation, the quantity of earth to be excavited 
would amount to 41,100,000* cubic yards, which, at the 
rate of 20 cubic yards to a Rupee, will cost in digging 
20,55,000 Rupees. 


49, The raft of digging here taken, may however be 
considered a high one, as in the tabfe of the rates given by 
Lieutenant Cunningham, he states the cost of excavating 
“ Tanks near Jummookandee to the depth of 21 feet,” 
or that ascertained by the ‘ Rajmahl Canal Survey,” to 
stand per Rupee as follows......... 458 cubic feet, 

: 578 ditto ditto, 
686 ditto ditto, 
the average of which is 574 cubic feet, or 213 cubic yards 
for a Rupee, and it is to be observed that this is for 
excavating Tank work (in which the earth raised has to be 
carried a areat distance) to the depth of 21 feet, whilst the 
average depth of digging in the Canal will only amount to 
193 feet. 


50, The total cost of the four river crossing dams, 
viz. that of the Adji 6 feet in height, that of the More 





. 
* See page 128 of Calculations. 
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and Qucea 64 feet in height, that of the Dwarka 6 feet in 
height, and that of the Bansli, which regarded as a dam,’ 
would be*l2 feet in height, (but which in reality. “would: 
Consist of ya cast iron’ channel for containing the: water.of. 
the Canal supported oh low piers of masonry, between 
which, at the conclusion of the inundation, and during the 
dry season, “the drainage water from the westward weuld 
rum off,) would be 3,81,198 Rupees.* In this calculation, 
the castiron work of thepiers, and balanced sluice gates, has 

» been estimated at the rates at which it could be executed 
in this country by Pig-iron brought from England. 


51. The expense of each lock may approximately be 
estimated at 70,000 Rupees, and as there woulg be 6 of 
them» this would make their total cost 4,20,000 Rupees. 


52. The expense of small drainage bridges, or 
aqueducts, and of road bridges, and of stop-getes, may 
be taken at 3,50,000 Rupees. 


53. With reference to these items, the*total approxi- 
mate estimate will stand as follows: 


‘ Rupees. 
Cost of excavating 41,100,000 cubic yards of 


earth at 20 cubic yards per Rupee, ......e0000 20,55,000 
Four river crossing dams, ...... + 3,812,198 
Six Locks, .......005 senensesee stereesee 420,000 
Small drainage, or aqueduct, bridges, road 

bridges and stop-gates, s..cccssseecceeceeceeesceee 3, 50,000 


Total Rupees,......... 32,06, 193 
Add for contingencies at the rate of 20+ per 


CONE, eases sees eteeescnvecece steevereecscescereessseceses 941,239 














Total Rupees,....... 38,47,437 





* See puge 90 of Calculations and page 128, 
t See page 192 of Calculations, 
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54, If the latter sum be called 40 lacks, it will bé per- 
ceived thag the annual Sncome, previously esfimated at 
5,80,080 Rupees, would on that amount.be at the rate of 
143 per cent. 


55. The slope or fall of 1.053 inches in a mile, propos- 
ed tg be given to the bottom of the Canal,* wfl not mere- 
ly insure its constantly receiving from the Ganges the 
quantity of water requisite for lockage, and that required 
to make up for the losses by leakage, soakage, and evapo- 
ration, but will also enable it to afford a large supply for 
the purpose of agricultural irrigatior?. A further supply 
available for, this object, and as the means of meeting these 
losses, it lms previously been noticed, will be afforded by 
the drainage water brought down from the districts 16 the 
westward by the rivers and nullahs intersected by the line 
of navigation, and to which 7¢ will serve as a catch-water 
drain. 


56. As by means of such irrigatjon, the entire extent of 
land (much of it now lying waste) situated on each side of 
the Canal, would be rendered fit for the cultivation 
of sugar, tobacco, oil seeds, flax, and other varieties of 
crops, and produce, which by the Canal could be carried to 
Calcutta, or to the best markets, at the lowest possible 
rates, it is obvious that the value of the ground thus 
affected would be considerably enhanced, this for some 
distance inland, to the extent of 2 or 2} Rupees 
per acre. 





* The effect of this slope in diminishing the height of the four river 
crossing dams (of itself an important object) has already been pointed 
out, And it may be remarked that this modification of the (general) plan 
contemplated by us, at the tyne Lieutenant Cunningham’s Reports were 
prepared, with that which has here been described respecting diminishing 
the number of locks, constitute the ‘only changes affectig the principle 
of the plan, we have ultimately concluded, wuld be expedient, 
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5% By obtaining, previous to the commencement of the 
work, péssession of some of the “extensive adjacent tracts 
now renmining uncultivated, the parties who engaged in the 

‘undertakipg would from this source alone be able tu derive 
large prefits. 7 


58. As,the line would pass near many large villages, 
it is certain that these would speedily be extended “along 
fs sides, and early have their number added to, this in a 
manner calculated to give additional value to the property 
on either side, by others withdrawn from the danks 
of the Bhaugirruttee, sites in which, during the season of 
inundation, they are constantly in danger of destruction. 


59. The localities in which, within accessible distances, 
stofe or materials adapted for building, are to be met 
with, have been pointed out in our previous Reports; as 
have also those of beds of iron ore, and of coak (the latter 
since experimentally brought into use,) which the Canal 
would either intersect or closely approach, 


60. So situated, we conceive the total cost of the work 
would not exceed an amount which, as regarded profits, 
would be sufficiently remunerative ; as further, that by 
accomplishing the objects contemplated, its construction 
could not fail of realizing benefits calculated progressively 
to increase, and early to give rise to other improvements, 
similarly tending to add to the agricultural and commercial 
resources of the country, 

D. MACLEOD, Col.,) Member of the Rajmaht 
Chief aa Canal Committee. 
W. N. FORBES, Member of ie Rajmahl 
Major, pee Canal Committee. 
Rasmaut Cayar Committe, 
February 15th, 1841. } 
e 
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From Captain Meapows Tayor, 
Deputy Commissioner W. D., 


To,the Secreraky TO GoVERNMENT, 
Revenue. Department, Bombay. 


Siz,—I have been for some time past collecting data 
for an estimate of the expenses of Irrigation from 
Wells per acre in the Deccan, and the Collectors of the 
Zillahs mentioned in the margin, . 


Sholapore. . : 
Rheingau belonging to the. Bombay Pre- 
Poona. 4 : 

Khandeish. sidency, have been so good as to 
Belgaum. afford the information I required: 
Dharwar. As the result, in a collective form, 
Sattara. 


may possibly be interesting to the 
Right Honorable the Governor in Council, I have the 
honour to forward herewith copy of the tabular state- 
_ ment and report on the subject made by me to 
Mr. F. N. Maltby, Comrhissioner of the Hyderabad 
Assigned Districts. 

I have the honour to be, &e. 
(Signed) Mxapows Tayzor, 

Deputy Commissioner W. D. 


Deputy Commissioner's Office, - 
Nu ee 3rd August 1856. 
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STATEMENT showing the Average Yearly Expenses attendant 
Zillahs of “the Deccan, and the’ Average Amount of Land 
Talooka of each Zillah, by. the several Collectors and Deputy_ 








































































(making a Mote, &c. per Year, and 
is ‘The Expenee of ng» Mote, es pet rear, an 
2 Names_of Zillahs. BE aie Wood- | Current 
2 S'g | Mote with | Sronwork | work and Fopeles Toral. 
g anse, dee per Yee. Pe P| oe 
3 4 5 6 7 8 4 
Rs. a, pjRs. a. plRs. a. p.jRs. a. p.|-Ra. a. p.| 
}10; 4 5 7115 1514 B16 418 O11 
| 67 3.9 53101116 7 120 8 Q| 
9/ 6 OOo 9 28 0 1 0.015 9 QI 
14) 412 090 84 8 01 0 O1015 5 
7| 415 21 7518 2115 1/1413 3 
-| 16] 4:13 113 610 6 7213 4) .814 5 
ul) 4id 3 617 6 02 6017 8 8 
, 18] 73 212 0/4 6 61 7 6) 1522 Oo 
yy Sattara ..........] 11 49 2016 9 1/2 510/15 8 @ 
16, E. RaichoreDooab 5 | 6 9 7|Notgiven Not given) 5 8 10) 12 2 4] 
Wy» 'W. Raichore Dooab. 7 #14 0 19 733 4 OF 5 O O18110 7 
Total....{114 | 67 18 11/20 7 8157 10 81390 6 10/176 7 i 
Average..|...] 6 2 8118 9/5 311212 3116 0 Bl 
et ed, 





* Doubtful, but as giver. 


REMARKS. 
t Norz to Conumn 10.—Particularg of average of charges in Column*16 may 


Feed of 4 bullocks for 1 year......... 
Proportion of loss of cattle by death 

Mussala and physic, &c., incidental expenses... .° 
Interest on Capital Rs, 185-3-4 at 12 per cent. per 





In Nas. 1, 2, 3,;4, 10, 11, the expense of feed of cattle only is entered ; in the others 
~ incomplete, ‘but it’ does not seem necessary to refer back for other particulars to those 

§ Nore to Coiuiun 14.—The sum of 165-3-4 includes the total coat of the bullocks ; 

Therefore 42-11-7 average, +6 years = 7-1-11 — 42-11-7 =-85.9-8 remainder, 
including above proportion of cost of bullocks, This divided by 4-5 beegas or acres,. 





Deputy Commissioner's Office; oe 
Nuldroog, 9th September 1856. 
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on worning a Well, with four Bullocks, for Irrigation, in Eleven 
irrigated from each Well, coiapiled from Returns furnished for each 
Commissionirs of the. Zillahs. 



































= ~ se 
Expense of Bullocks Bxpense of Men's Labour per 38 fl 
per Year. Year. Fs hol g Average tate 
i ponditore perl & 2 lon eack Acre 
2 . a 5 
-| Man t ; a 
Tockay Avo ite and other dive Bal Man‘ to turn raya | YP ge B cach ih. 
rage os kinds cuareee on wee of | per Year. | Zavour. H ae 2 
~ 9 | 10 11 12 13 14 50) 16 
Res. &. p.| Re. a, p.| Rs. a. p| Rs. a. p| Ra a p.| Rs. a. p.|B./Pds. Rs, a p, 
40 0 042 0 1/256 9 4 2612 10/62 6 5/148 0 5) 4] .. | 87°01 
40 0 0/47 0 8 30 0 3 28 S 0 58 6 0] 16510 5] 2 12] 6331 0 
40 0 0/'88 0 0] 86 © 0.30 0 0/66 0 0) 159 Q 2) 5 .. | S214 7 
40 0 0).83 12 0] 86 0 0 3670 0/72 0 O| 158 21 5) 5} .. | 32 5 6 
40 0 6 79 14 3/40 4 7) 82 1 2/72 5 9) 207 1 3) 4| 4/49 4 10 
70 0 107 7 6| 31 10 0} 22 10 0} 54 4 O].950 9 11! 4| 184] 50.74 * 
40 0 0101 8 6] 83 6 0/ 28 12 °9| 61 12 9] 220 8 5) 4| 52-8 2 
40 0 0:93 14 0] 35 0 0 30 8 0165 8 0] 215 2 O| 6 10 | 392-1 8 
40 0 0) 92 9 1); 3218 10) 28 7 0 61 4 10! 209 6 5) QI 
40 6 0/46 0 0) 25 6 5 25 6 4) 6012 9} 148 157 2! 3} 
40 0 0.40 0 0 39 0 0:15 0 0 54 0 Oj 15510 7| 6 
48) 
4 



































Total..Rs. 65 10 4 


incidental expenses are included. In reference to the first, the detaifof the Return is. 
Zillaha. 


— 


but as 4 bullocks last 6 years, a proportion of cost is to be taken :— 


which deducted from 185-3-4, leaves a balance of 149-9-8 48 the total cost average, 
gives Rs. 35-3-8 as average cost of Irrigation for each acre per year. 


(Signed) Mezapows Tar or, 
Deputy Commissioner W. D. 


No. 447 or 1856. ; 


From Captain Meapows Tay1or, 
Deputy Commissioner W. D.,_ 


To FB N. Marrny, Esq., 


Commissioner, Bolarum. 


Sir,—Since. addressing you on the subject of Irriga- 
. tion in general, in letter No. 438, of the 5th instant, I 
have received the report of the Collector of Khandeish 
in, relation to the cost of Irrigation in that province, 
which was required to make up the series I proposed to 
. submit for your consideration. 

. 2. I have now the honour to enclose a tabular 
statement of,eleven Zillahs of the Deccan, including 
115 Talookas, and comprising the whole of the Assigned 
Districts, except Southern Berar, my application to the 
Deputy Commissioner there having received no reply. 
I should not suppose, however, had it been forwarded, 
that the expenses detailed would have:made any mate-~ 
rial difference in the general average result. 

3. The data taken by Punchayets of respectable 
farmers in every Talooka of so wide an extent of coun- 
try, might reasonably be expected to differ in result ; 
but, on the whole, the particulars are more uniform 
than I expected, though a few manifest differences need 
to be noticed. In Western Raichore, for instance, the 
price of mote,” column 1, is stated as Rs. 14, but 
as it could not possibly amount to so much, itis pro- 
bable that some other gear peculiar to the district. is 
included in the sum, which is not explained by the 
Deputy Commissioner. In column 6, for wood-work, 
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Sholapore and Khandeish give the highest rates: 
Wood of every kind is very scarte dear in the 
Sholapore Colleétosate, and is probably the same in 
Khandeish. But on the whole expenses of mote-gear 
for the year there is no very material difference, North- 
ern Berar and Western Raichore being the highest. 

+4. The cost of bullocks in’ column 7 is given on 
an average of prices of cattle employed, and is takén 
at the same rate thoughout, except in Khandeish, 
where the cattle are larger, and the water in “many 
Talookas has, I understand, to be raised from a consi- 
derable depth.-- Four bullocks employed in mote work, 
usually last on an average six years ; therefore, though 
the ‘whole price is included in ‘thé-gross total of the 
return; I have added a foot-note in explanation of the 
actual result on the proportion of the price of cattle 
being ‘added instead of the whole. ; 

5. Column 10 shows the expenses.of feed of cattle 
and other incidental expenses, the average of which is 
Rs. 65-10-4, and is aceounted for as to particulars 
under: the head of Remarks. 

But the items of these expenses are very irregular in 
amount, which may be accounted for by the bare keep 
of thé cattle only being included in Zillahs Nos. 1, 2, 
3, 4, 10, and 11, and in the others by other incidental 
charges having been included, which, if added (as 
indeed is necessary) to the first mentioned six Zillahs, 
would increase the average charges very considerably. 

6. In estimating interest on capital, I kave taken 
12 per cent. per year, but I am of opiniom that this rate’ 
is mush too low. The ordinary rates of money trans- 
actions with Sowcars is 24 per cent., but as monéy: 
seldom passes between the cultivator and the dealer, 
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and grain is i given, and ag the usual rate of grgin cen: 
actions.ig Ré. 25 per cent. in the gross (not contingent 
on charge of price), the rate of interest yould be pro-_ 
bably higher than 12 per cent. on money only, Twelve 
per cent. per year, however, represents a standard value 
of capital, and may be accepted in lieu of more detailed 
data. “~ 

“7, Columns 11 and 12 show the rates of hire of 
men to work the mote. These men are indispensable ; 
one has to drive the bullocks, and the other to turn off 
the water into the beds as required. In column 11 
Poona. gives the highest rate, and it is probable that 
labour these” is more expensi¥e than. elsewhere ; but 
wages are evidently not over-rated in any case, af the 
two columns give averages of Rs. 32-2-10 and 27-9-11 
respectively per year, or Rs. 2-14-10 and 2-4-9 per 
month per man. 

8. In the column of totals of expenditure, No. 14, 
it will be seen that Khandeish gives the highest rate, 
which evidently arises from the greater value of the 
cattle and wood-work employed, for in regard to other 
items there is no particular difference between it and 
other Zillahs. 

9. Column 15 shows the average aun of land 
watered by one well in each Zillah, and, on the whole, 
there is no remarkable difference. The two least are 
Northern Berar and Sattara; both I may say equal 2°12 
acres. Wegtern Raichore is set down as 6 beegas or 
acres ac-e=orage to a well ; but I have great doubt: as 
to the correctness of this,* and believe, from.my own 


* Why should Western Raichore be 6 beegas, and Eastern 
Raichore only 3}? The latter is, I suspect, right, andugrees with 
regults in Sholapore, » 
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experiene and constant observation, that from three te 
four akres is‘ the most that is practicable, without there 
~are relays of hullécks to the well, which is not provided 
for in: the estimate. -A good mote-gear and cattle will 
barely irrigate more than one acre a day, and the water: 
requires to be turned on every fourth day—indeed, every 
third ‘day in the hot weather, to each portion. On 
these grounds I consider six acres too much, though it’ 
. is entered according to the return furnished ; but if the 
local beega is less than the acre, it may not be so much 
as it appears. . 
10.| The-average from the total unde this head is 
acres 4:5, or 44 of land, irrigable fronton¢ well, with 
four vullocks ; and the average expenditureof raising the 
water is, by the next column, gross Rs. 43-5-11 per acre. 
11." But as explained in the foot-note tc the return, 
and the proportion only of the price of cattle being 
included in the total, it is reduced to Rs. 35-3-0 per 
acre per year ; I say acre, becduse the beega is indefi- 
nite everywhere, and is in no case a standard of mea- 
surement. “Sholapoor, Poona, Belgaum, Dharwar, and 
Sattara have been measured, and the English acre is the 
standard in those Zillahs. Our districts and Khandeish 
have a nominal beega, but, as stated above, unless the 
beega in Raichore is less than the acre, which it may be; 
the beega in general will be found to correspond pretty 
nearly: with the aere, and sufficiently so perhaps for an 
estimate of this kind. Were it less, it is unnecessary 
to state that the expense of irrigation would be‘tnereased 
in proportion. “3 
-12.,, It will be observed in the estimate, that it has 
been confined to the expense of raising water only ; 
considerations of the repair to the well,.- clearing out of 


tel 


Es 


moud every year, occasicnal repair of the sides, and 
wate channel, &c. &e., and the original ost of the welt 
itself, or interest on that cost, have been purposely_ 
avoided; but that these expenses, which ocuur inevi~ 
tably, on an average of wells, form an additional item 
of cost, will no doubt suggest itself to you. . ; 

. 18. While-the gross average cost has been assumed, 
however, as Rs. 35-3-0 per acre per year, it Is neces~ 
sary to allow for some period in which the well may 
not be used, and by common acceptance in the Deccan 
we may take three months clear (though perhaps this is 
too muc¢h in ordinary seasons, and two would be safer) 
in which, on eccount of the monsoon,. the well is not 
used. If three months are assumed, one-fourth, or 
Rs. 8-12-9 has to be deducted from Rs: 35-3-0, leav- 
ing’ a balanee of Rs. 26-6-3; if two months, one-sixth 
or Rs. 5-13-10, leaving a balance of Rs, 29-5-2, and 
the average of.these balances is Rs. 7 -13-84, beyond 
which I do not think the rate can be reduced ; while it 
is evident that many considerations which would 
materially increase it are not included in the estimate. 

14, .It appears then from the foregoing, that the 
bare expense of raising water from a well in the Dec- 
can generally, is not less than Rs. 27% per acre per 
year, and it is evident also that had all expenses and 
charges been included inall the Zillahs, the result would 
have been a considerably higher figure ; nor does this 
result surprise me, as I have been making inquiries on 
the suijcct for many years past, and have’ observed 
nearly ‘the same rates everywhere ;‘-indeed, I was 
preparell to have seen it more.* I have included no 


* Colanel Cotton says that about Rs. 30 per acre is the cost of 
well-water for sugarcane in the Northern Sircars. 
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expensesof manure, cultivation, or Government demand, . 
as these are. entirely separate considerations from. the 
subject of the cost of Irrigation. £2 : 
15.. Bct in order to make the estimate as nearly as 
possible correct for this District, and to include in one 
view the various items of expense, &c. detailed in the 
statement, I beg your consideration of the feLowing 
particulars :— , 
Zitan Nurprooe. 


Expense of making a Mote per year. 


Rs. a. p. 
Leather bag ......... Pree 4 5 7, 
Proportion of iron-work, per ay 
- YOaT cere eee eee eee ees 115.7 
Wood-work, ropes, and gear, 
proportion of, per year. .... 514 & 
Current repairs .......6.--5 16 4. 
13.9 11 
Expense of Bullocks. ; 
Cost of 4 bullocks, 2 at Rs. 12 
= 24, and2atRs.8=16.. 40 0 0 
Feed of cattle, ke. including 
medicine, &e........-6--+ 42 0 J 
Average proportion of loss of 
cattle by death in 6 years.. 10 0 0 
—— 92 0 1 


Expense of Labour per year. 


Man to drive mote bullocks .. 25 9 7 -— 


Man to turn off water ...... 261210 | 
. ————— -§2 6 5 
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Brought over. viv 40.8 ..Rs. 158 0 5 
Intereston capital-as above, Rs. 158-0-5;" | 
at 12 per cent per annum ...-.- vee. 18:15 4 
: . °. Rs 17615 9 
Deduct ‘for proportion of value of eattle . 
., calculated to last 6 years, one year’s share 


only being retained in the estimate’.... 33 54 
Gross expenditure per year. .Rs. 143 10 5 ~ 

4 an ee 

Gross proportion of cost on 4 acres in ; 

watered -....s.eeeeees wettest Rs. 35 14 83 


Gross average as above contained for 12 
months, per acre......+-+++- ....+Rs. 35 14 84 
Deduct, for-well being out of use for 23 | 
months in the year, proportion of gross” 
COSE bee ete cece e eee ee erent eens 7.7 9 


Total net cost of Irrigation per acre 
per year oe esse eeeeeeeeees Rs. 28 6 11 


16. My object in collecting this information is to 
show the comparatively enormous disproportion which 
results ‘between the cost of Irrigation. from Tanks or 
Anicuts in other localities, and that from Wells in the 
Decean. {am not fully aware of the rates of irrigated 
land in the North-West Provinces, or the rate at which 
the water is supplied to the people per acre from the 
Government Canals ; but my impression is, that both 
water charge and ground rent do not amount to more 
than five rupees per acre on garden land in any local- 
ity, if indeed so mauch. 


Tl 


17. The Madras.Report for Fuslee 1263, however, 
gives detailed. information of average of ussessmentiat 
_page 10, ‘para. 24; and I observe the highest average 
for “Wet Cultivation” per acre is in Bellary, which is 
Rs. 9-14-1, and of Garden Baghayet in’ Southern 
Arcot, which is Rs..13-4-9. The former, I presume, 
includes the water rent, that is, the Ryot is furnished 
with water and land for the charge of Rs. 9-14-1 per 
acre. Whether the water is provided in the second 

case or not Ido not know, but most likely it is, or 
such a rate for land alone could not be sustained. 
What the proportion of land rent and of water value 
may be in the first case is not shown ;-bv+ assuming 
the lend rent to be at the outside two rupees per acre, 
the water rent would be represented by Rs. 7-14-1 per 
year, and this, which is possibly an exaggeration, does 
not represent by Rs. 19-15-7 per acre the cost of Well 
Irrigation on the general average, or by Rs. 20-8-10 
on the average, for Nuldroog, of Well Irrigation. 

18. If, as I believe is the case in Hindoostan, the 
canal water rate per acre is fixed at two rupees (Colo- 
nel Cotton says one rupee) as a maximum, the differ- 
ence is still more startling. -- : 

19.: I need not dwell further on the subject of 
expense ;_ your own extensive experience in the Madras 
Presidency will no doubt suggest to you data for com- 
parison of the rates I have given, of which I have no 
knowledge ; but I may be allowed to point out what 
saving would occur tothe farmer here, provided he could 
be supplied with water from a tank or channel instead 
of a well. I will presume, therefore, that the water rent 
per acre was fixed at Rs. 5, though it would not perhaps 
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offered, and what all Ryots with- whom I have discuss- 

éd the subject declare to be perfectly fair.*.. Wereit-so, 

the immiediate saving would be Rs. -23-6-11 per-year_ 
to the Ryot on each acre of irrigation in Nuidroog, but 

the benefit does not end here. Four of his most valu- 

able bullocks are’ released from work which cannot be 

neglected for a day, and become available for other 

employnient ; and he would have one more farm -ser- 

vant at liberty. He would thus be able to extend his 
dry cultivation or to improve what he has; and it is 

too often observable that owing to a man’s cattle being 

employed in irrigation of his garden field, his other 

fields ard rot ploughed so wéli, or kept as clean as they 

need: to'be. .I need not, perhaps, pursue the cetails 

further, as they are very obvious. 

20. Inthe Deccan, generally, as in this Zillah, it 
is the value of produce alone which enables a farmer 
to pay the enormous expense of Well Irrigation. He 
raises sugar-cane and vegetables, or ginger, pan, plan- 
tains, or turmeric, and wheat or barley, with chillies, 
hemp, and the like, as a second crop; and, by working 
his well perpetually, contrives, by a rotation of crops, to 
get two or three per year,€xcept' sugar-cane. He does 
not grow rice, for it would not pay at all. Ifwe suppose 
that he was provided with cheap water, it is clear, 
while he would be able to obtain the same crops from 
his land as he did before, that he would get them for 
less than one-fifth of the outlay as far .as the principal 
expens2—water, is concerned, and would, in addition ta 


* In one instance, by the Ryots~of Narunj and Jowla, Talooka 
Ashti, T was offered Rs. 15 per acre, after a long deliberation among 
themselves as to expenses; the estimate was about Rs. 30 per acre, 
and they offered half, 
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his cattle and njen being at liberty, be poptnaly 
benefited. : 

21, Ihave always heard the farmers here ond in 
the Decca: generally, express themselves as hopeless in 
regard to the reduction of their irrigation expenses, 
and Ido not wonder at it. Government, in the Bombay 
Revenue Survey, reduced the assessment on garden 
land very materially, I believe, and to its own heavy 
loss; but to what practical: relief to the farmers! 

: Suppose Government remitted a rupee an acre to a man 
here who was paying Rs. 28-6-11 an acre for his 
water‘alone, it would in point of fact be nothing mate- 
rial to him. But if Government, instead ef remitting 
the rupee, could give him water for 5 rupees an acre 
instead of his paying Rs. 28-6-11, it need not reduce 
its rent, and it is needless to say how great a boon it 
would confer. 

22. Again, there has often been and still is, a cry © 
for more wells, and some new wells are occasionally 
dug; but people who dig them, without they happen 
to touch a spring very soon, and incur little expense, 
complain bitterly that they do not pay, and no wonder. 
What can they possibly do with this incubus over 
them ‘in the shape of the expense of raising the water ? 
The more wells that are dug and employed too, the ° 
more cattle and more labourers are withdrawn from 
other field work ; for every well must have its four, 
oftener six bullocks apportioned to it, which are rarely — 
employed otherwise, and in every case two men. 

23. In further relation to this subject, if the data 
now furnished is considered fair, I will endeavour to 
ascertain the average quantity of water raised by a 
mote per day and expended per acre; and calculating 
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its value per cubic foot or yard, report-the result. But 
I trust that the foregoing forms strong ground for the 
speedy commencement of a system of Irrigation by 
Tanks for this province, and shows that whilc it is quite 
hopeless to’ expect any material extension of garden 
cultivation, so long as water costs what. it does’ ftom 
wells, ‘and that no reduction of assessment would serye 
any practical end, or effect any practical relief, it will 
be a sound and benevolent policy on the part of 
Government, attended, I think, with ample profit to all” 
concerned, to store up and sell to the people, at reason- 
aiblé tates, those large bodies of water which this dis- 
trict could” supply to hundreds of noble tanks, but 
which now run utterly to waste. I have before stated 
that the Railway will be on our frontiers in two years, and 
‘our garden produce is what it will most require for 
supplies of traffic. Why should not we, then, by works 
of Irrigation, do something im anticipation. of the bene- 
fit we hope to derive from its construction ? 


I have, &e. 
(Signed) Muxapows Taytor, — 
Deputy Commissioner W. D, 
Deputy Commissioner's Office, 
Nuldroog, 9th September 1856. 
(True copy) 
(Signed) Meapvows Taytor, 
Deputy Commissioner W. D. 
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No. 4186 or 1856. 


TernrrorrAL. DeparTMENT, 
REVENUE. 

To Captain Mrapows Tavtor, 

Deputy Commissioner Western Districts, 
Nuldroog. 
Sir,—I am directed to communicate to you the 
thanks of Government for the valuable and interesting 
Report forwarded with your letter No. 135, dated the, 
3rd August last, relative to the expenses attendant 
on working wells for irrigational purposes, in the 
Deccan, &c. 
I have. the honour to be, &e. 


(Signed) H. Youne, 
Officiating Chief Secretary to Government. 


Bombay Castle, 25th October 1856. 
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Ne. 184 or 1856. 


From Captain Meapows Taytor, 
Deputy Commissioner W. D., 
_To H. Youne, Esq., 
Secretary to Government, 
Territorial Department, Bombay. 


Sir,—In acknowledging receipt of your letter as 
per margin, I beg you will do me 
ja ooh the favour to convey my sincere 
municating thanks of acknowledgments to the Right 
Government for re- Honorable the Governor in Council 
port on Irrigation 3 : 
forwarded with letter for its tenor. As the subject was 
a tan 3rd Av- incomplete without “ascertaining 
pe ce averages of quantity of water raised 
from wells and its cost to the people,t have taken 
averages of discharge from wells for some time past, 
and beg to transmit the result, in copy of a letter 
No. 610, under date 29th instant, to the Commissioner 
of the Hyderabad Assigned Districts, for the informa- 
tion of the Right Honorable the Governor. 

2. I avail myself of this opportunity to forward 
also copy of a previous letter to the Commissioner, 
No. 438, of Sth September, which completes the series 
of correspondence on this subject. 


I have the honour to be, &c. 
(Signed) Mzapows Taytior, 
Deputy Commissioner W. D. 


Deputy Commissioner’s Office, 
Nuldroog, 4th December 1856. 
3 
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No. 610 oF 1886. 


From Captain Meapows Taytor, 
Deputy Commissioner W. D., 


To F. N. Matrsy, Esq., 
Commissioner, Hyderabad. 


Sm,—In reference to para. 3 of letter from the 
Second Assistant Resident, of 23rd September, as per 

No. 1852, regard- margin, I have the honour to sub- 
ing Irrigation” - mit a few results in regard to the 
quantity of water raised per year per well, on averages 
obtained from different wells with different lengths of 
rope. . 


2. 1st.—A mote at Nuldroog, of which the rope is 
72 feet, filled a cistern 1 foot 8 inches deep, 23 feet 
9 inches long, 21 feet broad, or 831 cubic feet, in 
four hours by 150 motes; the cubic contents of one 
mote is therefore 5°54 cubic feet. 

2nd.—By the data given’in the letter under reply, 
the eistern at Hyderabad contained 339-29 cubie feet, 
and the contents of the mote was 3°777 cubic fect. 

3. The average contents of these motes is 4°658 
cubic feet. 

3rd.—The mote No. 1, carefully filled by ghurras of 
water poured into it before it was raised, contained 
as nearks as possible 7 cubic feet of water, but the 
actual discharge being 5°54 only, it follows that 1:46 
cubic foot of water were lost in the ascent and discharge 
into the channel; and it will always be observed, when 
the mote is first raised by the jerk of the bullocks, that 


’ 
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a good deal of water cscapes, that more oscapes as it 
ascends, and a further quantity when the foot of the bag 
reaches the roiler at*top, throwing the bag backwards. 
I consider, therefore, as all motes are not in perfect 
repair, that an average of 4-658 cubic feet to each bag 
is a fair one of the actual discharge of water, and have 
adopted it in the calculations I have followed. 

4. An average of length of ropes, and including the 
Nuldroog rope of 72 feet, and assuming the Residency 
rope to be 42 fect, gives an average per well of 31:40 
feet for rope. 

5. An average of discharges of motes per hour, in- 
cluding the Nuldroog and Residency data, gives 53°60, 
or, on the above average of cubic feet 4°658 per 
mote, a discharge for irrigation of 249 cubic feet 
per hour. : 

6. On the above data the following averages of data 
are taken :— 

Average of mote 4°658 cubic feet ; discharge average 
53°60 times per hour; when rope is (average) 31:4 
long, discharge per hour 249-66 cubic feet. 

7. 1sé Result-—Mote working 8 hours per day, for 
9 months, at the above rate :— 

249-66 cubic feet x 8 hours x 30 days x 9 months 


__ 539265°60 = 1997280 a .* 
a an cubic feet ji. ear 4,847 cubic 
yards of water for each acre per year. 

2nd Result—249-66 cubic feet x 9 hours per day 
x 30 days x 93 months = ad cubic feet = 
2371770 

“412 
year. 





cubic yards = 5,756 cubic yards per acre per 


* Vide para. 10 of letter No. 447, of 9th September 1856. 
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“Brd Resuit.—249-66 cubic feet x10 hours’a day x 
30 days x 94 months = TNS3V00 cubic feet = ees 
cubic yards = 6,396 cubic yards per acre per year, 
of which a new average is taken :— 


Hours per day. Months. Water raised C. yards. 





ieee 9 eee 4,847 
eee ees Sia cee: 5,756 
eee Di pobous 6,396 

Average 9 94 _ 5,666°6 C. yards 


of water per acre per year. 

8. But<he Nuldroog and Residency motes being of 
extraordinary height, not in general use, and not to be 
found in this District, an average of a number of ordi- 
nary wells was taken, which resulted in 144 feet of rope 
per well. An average of actual mote discharges per 
hour from these wells was also taken, and is 61. 

Therefore, as before, 4-658 cubic feet per mote x 61 
motes = 284 cubic feet per hour x 9 hours x 30 
days x 94 months = a cubie feet = 2006 C- yards 
== 6,431 cubic yards per acre per year. 

9. Now taking, as per para. 13 of letter No. 447, of 
9th September 1856, the expense ofirrigation per acre 
per year to be Rs. 27-12, or 27°75, we have on the first 


56666 904 cubic yards per rupee ; and on 





* averag e 





27°75 
the seca che: with the shorter average of ropes 
and greater number of motes per hour, we have Se. 
= 231 Gubic yards per rupee. 

10. It will be evident that the above data are sub- 
ject to many fluctuations, such as length of rope, 
capacity of bag, time of working, whether hours per 


day or days per year, and the like; and it is objected 
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to by many persons that I include 10 hours a day in 
my calculation, when hardly more than 8 hours can be 

“got out of ardifiary bullocks. I wish, however, to give 
the greatest quantity of water the data will allow me, 
in order to contrast it with what would be the result of 
irrigation from tanks or channels; and by the two 
géencral results above given, viz. 6,431 + 5,666 = 200 = 
6,048 cubic yards, which agrees with Captain Baird 

*Smith’s data from discharges of irrigation works in 
proportion to ground irrigated, 6,000 cubic yards of 
water may therefore be taken as a safe average per acre 
per year on all lands which require, as xicé-or sugar- 
cane, continual irrigation. But it will be evident to 
you that for ordinary vegetable and other products, 
such as grain, which require only occasional watering, 
a much less quantity is needed, and that a cubic yard 
of water per square yard per year, or say 4,840 cubic 
yards to an acre would be enough. In estimating the 
quantity of water in tanks as to be applied to irrigation, 
I have hitherto taken 5,000 cubic yards per acre; and 
an average of 4,840 + 6,048 is 5,444. It will be safer 
in future to adopt 6,000, as leaving perhaps a margin 
for contingencies in all estimates. 

11. My proposal has been to give the people water 
for Rs. 3 per acre per ycar at first ; and I have hoped 
that even Rs. 5 would be realised. At the rate of Rs. 3 
per 6,000 cubic yards, the Ryot would receive 1,888°8 
cubic yards per rupee, or 0°10 pie per cubic yard ; at 
Rs. 5 per 6,000 cubic yards, 1,133°3 cubic yards, or 
0°17 pie per cubic yard; while by the result in 
para. 9, of 204 cubie vards per rupee, it costs the Ryot 
0°94 pie per cubic yard, and on the second average, 
231 cubic yards, 0°83 pie per cubic yard, In other 
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words, the saving to the farmer, in paying 0°10 pie per 
cubie yard instead of 0-94 pie, would be 89 per cent., 
and in paying 0°17 pie instead of'0°83 pie, 80 per cent- 
12. During my tour in the District I purpose to 

obtain further data as to length of ropes of motes and 
their actual discharge per hour, and should I find any 
material difference with the above, I shall do myself 
the honour to report it. 

T have the honour to be, &e.  - 

(Signed) Meapows Taytor, 
Deputy Commissioner W. D. 
Deputy EComanissioner’s Office, 
- Nuldroog, 29th November 1856. 


(True copy) 


(Signed) Meapows Tayzor, 
Deputy Commissioner W. D. 


No. 488 or 1856. 


From Captain Mranows Taytor, 
Deputy Commissioner W. D., 


To Y. N. Matrsy, Esq., 


Commissioner, Bolarum. 


Sir,—I have the honour to acknowledge the reccipt 

; of your letter No. 1687, as per 

No. @ of 29th ye di for - t per 

Auaust 1836, in re- margin, and in reference to its 

gard to the non-exist- purport, beg to state, in continua- 

ence of Tanks in the tion of my letter No. 416, of the 
Western Districts. = . s > 

25th ultimo, some further details 


and considerations on the subject to which it refers. 
e 
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2. That tanks do not now exist in this’ District is 
not because the experiments made in ancient times 
“were unsuccessful, but that it is evident none were ever 
fully completed. Not one of the remains of bunds 
that I have alrcady alluded to shows evidences of 
having been finished, and to have been broken by flood; 
ndr is there any appearance of any tank having been 
used, and having silted up with mud so as to become 
suseless. For instance, not one of these commencements 
of bunds have sluices for irrigation, nor in any case is 
the stone facing of the earth-work completed, and the 
irregular condition in whjch the works hava_been left 
in every locality, proves plainly that they are one and 
all commencements only of some project for storing up - 
water, which was perhaps designed for the whole Dis- 
trict, and partially executed, and abandoned either 
during changes of authority or the convulsions of a 
disturbed period. ° =e 

3. Ifthere were evidence in any instance of a tank 
having been completed, and having silted up so as to 
become useless, it might be an argument that the 
drainage from the water-sheds in this District carried 
too much mud with it to render the tank into which 
it would fall available for holding water for many 
years in succession. 

On the other hand, if all the present ancient bunds 
showed evidence of having been completed and of hav- 
ing burst suddenly, it might be again argued that the 
soil of the bunds would not hold water and had yielded 
to pressure, and so discouraged the projectors. 

Or, if there were any tank bund in a complete state 
at present, into which water flowed, was temporarily 
retained, and afterwards sunk or percolated through 
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the bed of <he basin, it would amount to proof that the 
substratum of rock or soil was unfitted for the purpose 
of retaining: water. ae 

But none of the above are apparent in any case that 
T have scen as yet, and we have evidence, as will be pre- 
sently stated, to the contrary of these remarks. 

4. For instance, in regard to abandoned undertak- 
ings of magnitude, which are not failures, the greatest 
is the noble design of a tank at Bhatoree in the Ashtec- 
Talooka, which was begun by Sulabut Khan, a Prime 
Minister of the former Ahmednuggur kingdom, and 
which still bears his name. This consists of an irre- 
gular earthen bund, partly faced with solid masonry in 
lime, but evidently abandoned when about half com- 
pleted. Of this work the tradition is, that it was stop- 
ped because the people of a village above the bund 
petitioned the King that it might not proceed,‘as the 
village wou! be submerged ; but it is also stated, with 
probably more truth, that the political troubles of the 
period prevented its completion. The design is an ad- 
mirable one, both in execution as far as it has gone, 
and also as to situation ; and the area of water secured 
would have been very large, indeed probably equal to 
the Hussain Sagur at Hyderabad. This work could 
not be undertaken now, as the bund happens to be on 
the very frontier of the District, the area above it 
being in the Ahmednuggur Collectorate, and would 
involve the submergence of one, if not, indeed, two vil- 
lages, with the whole of their lands, which would most 
probably be objected to by the Government of Bombay. 

5. Greatly less in size certainly, but still the com- 7 
mencement of a fine work, is the partially executed 
bund at Kusba Nittoor, measurements and sections of 
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which were submitted with my letter of tile 5th Sep- 
tember 1855, ‘ Yo, 34. If these measurements are 
examined, ! think they will prove to you that the work, 
as I have stated, is only a beginning. The bed of the 
basin is bare; there is no appearance whatever of silt 
init; the sluice for -irrigation is unfinished, so also is 
the calingula; the earth-work of the bund is only 
partially faced with stone, but what there is has never 
‘been disturbed by subsidence or fracture; the levels 
of the bund are irregular, showing that the earth-work 
was never carried up to the designed height: in short, 
ample proof exists to any one familiar'with sugh works, 
that the tank could never have been completed or 
used. What has been done is attributed to the Rajas 
of Kullianee, by whom many fine tanks in the adjacent 
Kullianee districts, now in use, were constructed. This 
was avery ancient dynasty of Hindoo princes, whose 
era is not well known, but which was mich anterior 
to the Mahomedan invasion, and is probably not less 
than a thousand years from the present period. 

6. In other places, for instance below the Ghauts, 
from hence to Dharasco, and indeed further on, num- 
bers of small bunds are met with. Not one of these js 
faced with stone, but in some. there are indications of 
the stone facing having been begun; not one of them 
has a sluice, and all present in contour those irregular 
heaps of earth which have resulted from a commence- 
ment. of work and its sudden abandonment. Nearly all 
are in the same condition, but some are more advanced 
than others, and thus I have come to the conclusion 
that a system of tanks for irrigation had been designed 
and partially executed by some one, but had been 


abandoned before it could be completed and put to use. 
4 
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7. Of all these bunds there are only two at present 
which hold water, but as they do not belong to us, I 
could not detail them in the return recently called for. 
They are the Kakera tank, which belongs to the Bar- 
see Purguna of the Sholapore Collectorate, and a tank 
at Khanapoor near Dharaseo, both below the hills, and, 
as it occurs to me, are part of the system, if I may °so 
term it, or general design, which it is evident was to 
have been completed in the gorges below the hills. + 

8. The Kakera tank has always held water, 
though it is evidently incomplete. . The basin is an 
admirable- one, formed by -closing up two separate 
gorges of the hills, and the supply from the water-shed 
of the fecders is very ample to fill the basin. I say 
the original design is incomplete, because, in the north- 
ern gorge, Which is the largest, the bund is about thirty 
feet in height, well faced with stone, and in all respects 
firm and goad. The other gorge to the south, which 
should have had a bund on the same level as the 
northern one, has the beginning of one only, with a 
sluice in it which is incomplete. It is about eight 
fect high only, but the level of its base is owing to the 
ground on which it stands being rather higher than the 
base of the large bund. The tank, therefore, has never 
held more water than to the level of the smaller bund, 
which is partly broken; but the people of the neigh- 
bouring villages have been accustomed to retain two 
or three feet more water by throwing up a rough 
dam of loose stones and sods every year at the close 
of the monsoon, and using the water for the irrigation 
of sugar-cane fields below the tank. : 

9. The basin of this tank was so admirable a one 
in all respects, and the completion of the original design 
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so easy and inexpensive, that, as it did nét appear to 
be known, I recommended it to the notice of Mr. Lough- 
nan, the former Collector of Sholapore. The necessary 
levels were taken, and an estimate for its completion 
was sanctioned. The work was in progress when I last 
saw it, but I do not know whether it has been finished. 
“10. Now, though some mud had been deposited in 
the bed, it is not much, and if any very extensive silt- 
sing up had resulted from the deposit from the drainage 
(probably during many centuries), it is impossible but 
that the basin must have been filled to the level of the 
smaller bund, and could contain no water at all; 
whereas it is evident that the silt has not yet reached 
its base, and the lake, in the condition it was before the 
new repair, was always a shallow, though considerable 
sheet of water, which never entirely dried fp. 

11. The Khanapoor tank, which belongs to an 
Inamdar (Kothenere Purshad), has alsc*never been 
completed to the original design. The irregularity in 
height and thickness of the present bund, shows that 
earth was thrown up in heaps, but never completed to 
the required level. It is not faced with ‘Stone. There 
is no sluice, or commencement of one, but a rocky 
ledge at the northern side serves to retain the water, 
and over it the surplus water escapes, as over a calin- 
gula. The water retained is, of course, shallow, proba- 
bly eight or ten feet deep when the tank is full, but as 
the bund is incomplete, the central height of the earth- 
work not having been carried out to each side, the 
basin is little better than a jheel. It holds water, 

- however, all the year round, and it is drawn off parti- 
ally, after the monsoon, to some lands below the tank, 
for irrigation of rice and sugar-cane. 
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12. I need not, perhaps, enter into further details of 
other unfinished projects, but may state, in addition to 
the above that a small tank near Moujé Teerth of the 
Tooljapoor Purguna, with an unfinished bund, is made 
to some extent useful by the villagers every year, and 
holds water, which is used for irrigating a- few sugar- 
cane fields as long as it lasts. It evidently belongs “to 
the same series as the others. It was inadvertently 
omitted in the return called for, but will be sur~ 
veyed and an estimate made for its completion as 
soon as possible. At best, however, it is only a very 
small tark, and, therefore, of comparatively little 
importance. 

13. Enough, perhaps, has been said to show 
that unfinished projects ‘cannot be said to evince 
failure in any scheme of irrigation by tanks ; and 
further, that where the bunds have been sufficiently 
finished, as at the Kakera, Khanapoor, and Teerth 
tanks, a small portion of the water-shed drainage 
is retained throughout the year without loss by 
percolation. 

14. It is necessary that you should have evidence 
on the latter point, because, until lately, I believe it was 
imagined that the trap or basaltic formation would not 
hold water, because the substratum of rock would be 
porous or full of fissures. But the same geological 
formation of the basins here, exists, 1 observe, at 
Vehar, which is to supply Bombay with water; and 
the bed of that large basin having been examined 
by scientific men, both Engineers and Gcologists, 
has been pronounced sound, and the works are in . 
progress. Here also we see the basins of the Kakera, 
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for the whole year, which could not be thé case were 
the floor or beds unsound or porous.* 

15. Al] thé natural basins formed by gorges of hills 
in this District are of the same character. There is no 
appearance of shale or sand (both equally to be dreaded 
anywhere), but all along the bases of the hills the 
geological structure of the country is a close-grained 
wacke, which has no fissures and is not porous, and 
apparently much more impervious to water than the 
sandy granitic soils in which the tanks of the Hydera- 
bad country, and generally of the South of India, are 
constructed. 

16. The only point, to my perception; which has to 
be tested, is the quality of the earth of which the 
bunds have to be constructed, and its capacity to retain 
and resist water; and this can only be known by expe- 
rience. The earth of all the old unfinished bunds has 
become certainly very firm. Wherever gsrges of basins 
fit for damming up are found, deep black earth does 
not exist in them, and the soil is usually strong clayey 
moorum, which is tenacious and appears to bend very 
“readily. There is no sand, which, as entering into the 
earth of a bund or existing in the bed of a basin, is 
always dreaded by tank-makers. There is everywhere 
abundance of blocks of stone on the hill sides for facings 
of tank bunds, and so far, therefore, as situation and 


* A small tank at Latoor, recently repaired by the towns- 
people, also holds water well, and is situated in the same kind of 
geological formation as the others. And the lake at Nuldroog, 
which is nearly 60 feet deep, has no percolation, though the bed and 
sides are prismatic basalt. 

Two tanks at Sholapore also, in the same kind of ground, hold 
water well all the year round. 
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material aré concerned, there appears every inducement 
to execute works of irrigation in this province of great 
magnitude. 

17. I believe it has also been advanced that j irriga- 
tion is not suited to black or mixed soils; but this is 
surely a mistake, else why should irrigation from wells 
be applied to garden cultivation at an enormous pro- 
portional cost? and how can the best descriptions of 
garden produce—sugar-cane, turmeric, ground-nut, - 
ginger, betel, and the like—be cultivated at all without 
irrigation 7 2? Black soil may not grow some descriptions 
of rice as well as red, but again there are some kinds of 
fine rice, such as are grown in this District for i instance, 
which can only be produced in black soil; nor is the 
soil wholly black throughout, but much mixed—red, 
brown, and grey soils existing as well as black. My 
impression is, that had the people ample supplies of 
water, rice would not be so much grown as the more 
valuable products of sugar, ginger, turmeric, and the 
like, for which, in the Bombay market, there is an 
inexhaustible demand, and which are much more 
valuable. 

18. Again, that water is valuable for wheat, grain, 
jowaree, and other rubbee crops, we have evidence in 
the Ashtce, Wansee, and other Talookas, where, by rude 
contrivances, the small hill-streams, as long as they last, 
are everywhere turned upon the adjacent fields after 
the monsoon, and one or two waterings are secured. 
The jealousy with which these small rude dams and 
channels are guarded by each village, is ample proof 
that the value of water is known, and its practical use 
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grown on dry land is too remarkable to escape notice. 
Indeed, wheat and barley are frequently irrigated from 
wells, and .their produce must pay, or the expense of 
irrigation would not be incurred. 

19. By whatever means, therefore, water could be 
supplied for irrigation in the District, my conviction is 
that a greater boon could not he devised for the people ; 
and that they would, after a short experience, ‘heartily 

~avail themselves of it (setting aside considerations of 
constant application) appears in all respects equally 
probable. If garden cultivation pays them (as it must 
do, or it would be abawdoned) even at the rate of 
more than Rs. 20 expenditure per acre for water 
alone,* it is hardly necessary to say that it would pay 
Vide para. 15 of much better were the cost of water 
letter No. 447, of 9th only Rs. 5 or 3. I should not fear 
September, for details over-production of valuable garden 
showing average ex- ‘ 
pense of 115 Talookas staples; the Railway, which will 
to be Co.'s Rs. 27-12 yeach the confines of the District 
peracre; andpara.15 , 
for details amounting in two years, will take all we can 
toRs, 28-6-4peracre. hossibly. supply, for the Bombay 
market and shipment to Europe, of sugar, ginger, 
turmeric, oil seeds, and hemp. 

20. In the ahove opinion, however, my own judg- 

ment is unsupported by that of men more experienced 


* Vide former details of expenses in various Districts already 
submitted, which will be increased very shortly by details of the 
following Collectors :— 


Poona 
Sattara .... Received from 


> 
habe | 
Dharwar ........ 0.0... e ee j Collectors. 
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than myself in irrigation works, and it is therefore 
given now, as before, with much diffidence ; and while 
T cannot refuse to report, for the consideration of Go- 
vernment, facts and circumstances in regard to the 
usefulness and practicability of the measure which carry 
conviction to my own mind, J should at the same 
time rejoice were any officer of mature experience 
to visit the District and judge for himself of the 
localities I could point out, whether for completion “ 
of unfinished works or projection of new under- 
takings. ; 

21. The absence of works of irrigation here may be 
accounted for, I think, by other evident causes than 
alleged failure, and a few which presently suggest 
themselves to me may be briefly detailed. 

22, We see all through the South of India, and 
wherever granitic soil prevails, that tanks are most nu- 
merous. This soil is in itself very poor—so poor, that 
it refuses to grow other than the cheapest and poorest 
grains, and those only in the monsoon ; but when water 
is applied to it, it becomes fertile and produces rice, 
which is the staple of the people’s food. Without water 
existed for irrigation, therefore, the country is unfit to 
support a large population ; and did not the present 
tanks and other means of irrigation exist, it would no 
doubt be very scanty indeed. This must have been 
estimated, I imagine, at a very early period, and hence 

“those noble works which we see in the Hyderabad 
country and in Southern India were projected and 
executed by the former Hindoo rulers. 

23. We know also that these Hindoo families were 
locally rich and powerful at the time of the Maho- 
ye a og thaw had enent laro’e amounts 
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of capital on public works of this description is evident 
from the condition of prosperity in which the country 
was found.. These Zemindars were petty princes, each 
with an independent government of his own; and for 
the most part all tanks are attributed to them, and with 
justice, as it is clear that they understood the science 
and value of applying their capital to the improvement 
of their possessions. 

> 24. Comparatively few works of irrigation were 
probably executed by the Mahomedans in the South of 
India; but in the Hyderabad territory, and within a 
short distance from the capital, and obseryartno doubt 
of the use of the Hindoo works, the Kootub Shaly kings, 
whose government became a rich and powerful one on 
the subversion of the old Hindoo dynasties, and whose 
Ministers were chiefly Hindoos, have left® some noble 
works as their memorials. 

25. The circumstances of this District, Socially and 
politically, are very different, and I may say, perhaps 
of the Deccan generally. 

26. The soil was productive, and, as far as cereals 
were concerned, the people in ordinarily good seasons 
did not absolutely want food ; nor do they now. The 
monsoon is sufficient for one crop, and Jlack soil, 
very retentive of moisture, produced jowaree, wheat, &c. 
asa second crop in the year, without necessity for 
irrigation. This sufficed for the population ; and 
irrigation, as a necessity to produce means of food, was 
not required. 

27. The Deccan has seen none of those large power- 
ful Zemindars’ families which the ancient Hindoos of 
the South of India show us. There is at least no trace 
of them, except at Deogurh or Dowlutabad, where a 
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powerful Chief was found by the Mahomedan invaders ; 
and around Dowlutabad there are many tanks, the 
work of that Hindoo dynasty. The rest of the country 
was held apparently by small Chiefs, neither of wealth 
or note, and it appears questionable whether there was 
any control or settled government among them; even 
if there had been, the Murathas at no period of history 
have shown the same amount of intelligence or civilized 
influence which existed either in the North or South’ 
of India. They had no science, or literature; their 
language was rude and uncultivated, even till lately ; 
and, evens under the Brahwanical rule of the more 
enlightened Peshwas, their energy was spent in con- 
quest. There was no improvement at home. 

28. After the Mahomedan conquest of the Deccan, 
it was split up into several kingdoms—Gulburgah, Bee- 
dur, Beejapoor,and Ahmednuggur. _Ferishta’s History 
shows us fnat the struggles among these rival states 
were constant and bloody; and as these districts were 
the marches of three—Ahmednugegur, Beedur, and 
Beejapoor—and were alternately held by one and another 
as might and fortune prevailed, so it may be imagined 
that they were of use only as frontiers, and their social 
improvement was impossible. We therefore see mili- 
tary works of much importance in the forts of Nuldroog, 
Sholapore, Puraindah, and Owsah, erected as garrisons 
to protect frontiers, but we see no other remains 
of public or private expenditure, asis evident at any 
of the capitals; and we are assured by the history 
of the period, that no great works could have been 
probable during the perpetual turmoil and warfare 
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29. We have no evidence that they formed or 
maintained any large Hindoo families of Zemindars ; 
and while thosé who at present exist— Deshmookhs and” 
Deshpandyas—claim to be, and doubtless are, the 
descendants of ancient families, 1 doubt by much whe- 
ther at any period they were ever much better off than 
tliey are at present. Had it been so, there would have 
been ancient remains here, such as large temples, wells, 


-or dwellings, which do not exist. 


30. The separate kingdoms of the Deccan were 
subverted by Aurungzebe, and an unquiet, troublous 
period ensued. The Muyathas wasted and destroyed 
everywhere, and improved nothing, The large fami- 


“lies of Nimbalkurs, and Powars, and Jhadows, of these 


districts, were collected at Sattara and Poona, or, serv- 
ing the Moguls, were at feud with their relatives who 
joined the Muratha confederacy. After the Mogul 
Emperor came the Soobah of the Devean, “Since 
when this District has been a distant frontier province 
of the Nizam’s Government, and cared for only as far 
as its revenue was concerned, and utterly negleeted 
in every other Parca up to the period of its cession 
to us. 

31. Therefore, while we sec no traces of powerful 
local Hindoo families in ancient times, and of none 
existing through the earliest period of Mahomedan 
history (and the Mahomedan occupation is a hardly 
interrupted period end record of violence and disturb- 
ance in this District, in which the frontiers of three 
rival states were situated), it is impossible to resist 
the conclusion that local means of improvement were 
never put to use, and that expensive works of irriga- 
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tion, where water was not actually wanted to raise 
food, would be the last thing thought of by local au- 
thorities. 

32. But I can very well imagine that some officer 
or local governor, say like myself, who, from seeing 
their use in other parts of the country, and the com- 
paratively easy means by which natural basins could be 
converted into tanks, may have begun a scries of works, 
which, by some sudden and unlooked for cause, were- 
interrupted and never completed ; and that theprovince, 
being a distant one from any capital, was never after- 
wards cared for. 

33. It is on the above grounds that I conceive we 
have no local evidence of failure in works of ixrigation, 
though we have ample evidence of commencements ; 
and I consider that the condition of those tanks which I 
have described, and the fact of their holding water in 
a satisfactory manner, is sufficient to encourage a per- 
severance in improvement, which, I think, will not be 
without. its reward. 

34. I should not, however, advocate tanks as means 
of irrigation, were it possible to turn any of the large 
rivers to use; but, as I have formerly reported, having 
examined the Manjera, Scena, and Sherna in many 
localities, 1 have seen nothing as yet to hope from 
them. They run in deep channels, and the ground 
near their banks lies high, and is undulating and irre- 
gular. They are crossed by no high ledges of rock 
which would serve as points for anicuts. In the nion- 
soon they are subject to heavy floods, which it would 
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it would be most wanted, would be very doubtful in 
these rivers, and it happens occasionally, as it did 
last year when ohly pools remained, that there is 
no running water in them. With all these disad- 
vantages, a further inspection of these rivers is no 
doubt necessary, and I will not fail to report any parti- 
culars hereafter which may serve to lead to a different 
conclusion. 

35. In conclusion, I have only to state that so far 
as my experience and judgment will carry me, I shall 
be most happy to forward any additional particulars 
on this subject which may, be required, Or, if any que- 
ries are put on any specific points, to reply to them to 
the best of my ability ; and I again beg to repeat that 
if Government desires to entertain the project of sup- 
plying water to the country by an extensive system of 
tanks—a system which may be extended to other 
Districts of the same geological formatian as_ this, 
that is North and South Berar—the personal inspec- 
tion of the Chief-Engineer would be most valuable, 
either to correct error on my part, or to confirm 
what I have conceived to be useful and practicable. 


T have the honour to be, &c. 
(Signed) Meapows Taytor, 
Deputy Commissioner W. D. 


Deputy Commissioner's Office, 
Nuldroog, 5th September 1856. 


(True copy) 
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No. 5199 or 1858. 


TernitortaL DeparTMENT, 
REVENUE. 


To Captain Meapows Taytor, F 
Deputy Commissioner Western Districts. 


Sir,—-I am directed to communicate to you the 
thanks of Government for the further Report regarding 
the expenses attendant on working Wells for irrigational 
purposes jn the Deccan, &c., forwarded with your letter 
No. 184, dafed the 4th instant. 


J have the honour to be, &e. 


(Signed) H. Youne, 
Officiating Chief Secretary to Government. 
Bombay Castle, 29th December 1856. 
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NOTE, 


Tax following memorandum on the Permanent Settlement of 
the North Western Provinces, as affected by the Irrigation 
Department, was drawn up by the writer at the request of the 
late Colonel Turnbull, Superintendent General of Irrigation, 
North Western Provinces. Since his decease it has been 
re-written, and is néw printed for private circulation, in 
the hope that the questions contained therein may receive 
the full consideration of all Officers of the Irrigation De- 
partment. 


October 6th, 1864. 


CANAL IRRIGATION 


IN CONNEC TION WITH 


THE PERMANEN#® SETTLEMENT. 


~ 
— . * 


In paragraph 24 of letter No. 643, dated 8th June 1864, ad- 
dressed by the Home Secretary to the Government of India, to 
the Secretary to the Government of the North West Provinces, 
occur the following remarks regarding the Permanent Settle- 
ment of villages under Canal Irrigation or within Canal influence: 
“ Tuequality of assessment is also liable to be producéd hereafter 
in other parts by the extension of Irrigation from Canals. It is 
seldom that the Water Tax taken by the Canal Department 
equals the full increase of Revenue resulting from the Irrigation. 
Generally, land so irrigated is rated by the Settlement Officer in 
a higher ratio than unirrigated land of the same quality. His 
Excellency in Council is of opinion that, when such irrigation 
is already enjoyed, to change the practice of Settlement might 
cause # needless loss of Revenue, and would involve much trov- 
ble. Therefore the case of estates receiving Irrigation from 
Canals, subsequent to Permanent Settlement, need alone be con- 
sidered, and for this it is prescribed by the Governor General in 
Council, tha revised rates should be imposed by the Canal De- 
partment, such as will not be unequal to the total demand on 
lands similarly irrigated prior to Permanent Settlement. In this 
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manner, future inequality of assessment will be prevented, and 
the fair market value be obtained for water supplied from the 
Canals.” 

The Suddur Board of Revenue thus comment on this para- 
graph :-—“ The instructions as to the Assessment of lands aveil- 
able for Canal irrigation, support the principle already laid down 
by the Board (vide Circular Order No. T, dated 17th August, 
1861,) viz.:—that the Revenue is to be assessed as elsewhere 
on the estimated average rental. The provision for securing 
higher water rates on tracts brought subsequently to Settlement 
under the influence of Canals will be the care of the Irrigation 
Department.’ 

Asa Permanent Settlement is about to be conferred on a por- 
tion at least, of the North West Provinces, it is as well that it 
should be considered with reference to the measures that have 
been adopted for securing the benefits of Irrigation to cultivators. 
No apology is therefore due for examining the two paragraphs 
quoted above, as it is believed some good may result from test- 
ing the truth or otherwise of the principles laid down by the 
Government of India, for the guidance of those entrusted with 
the duty of making the Settlement. 

Now these two paragraphs taken together mean simply this. 
That in assessing a village under Canal Irrigation, the Settlement 
Officer shall be bound to make » higher Settlement on it, than 
he would do were the village situate beyond Canal influence. 
At least, this appears to be the inference to be drawn from the 
first portion of the Suddur Board’s Extract, No. T. In other 
words, the incidence for the Settlement in any given tract of 
country will be determined by the presence or absence of Canals, 
On prima facie reasoning it would appear that such an aasess- 
ment would be the fairest that could be devised, both for the 
Cultivator and the Government. On close examination it will 
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be found that such en assessment would be somewhat inju- 
dicious, from the insecure foundation on which it would be 
based. 

It is evident that 2 demand made in perpetuity, and affecting 
the rights of a large body of proprietors and cultivators to all 
time, must, to be just and equable, fulfil all the conditions on 
which it would be founded. It is therefore, equally evident, that 
should one of those conditions be unfulfilled, or only partially ful- 
filled, the incidence of the assessment would fall with great 
severity upon those from whom, that assessment would be de- 
manded. Before, then, committing ourselves to the Permanent 
Settlement as affected by Irrigation’from Canals it “would be 
necessary to examine carefully, at least one of the conditions 
on which it would be based. 

It need hardly be said that that condition is the permanence 
of the water supply. If it can be shewn that the country or 
the Government possess any material guarantee for the constant 
supply of water in all the Canals traversing the former, then all 
opposition to the scheme of a Permanent Settlement, as laid down 
by the Supreme Government, and accepted by the Board of 
Revenue of the North West Provinces, would cease at once. 
¥f, on the contrary, this guarantee is wanting, then it is evident 
that the scheme is defective, and, that should it be carried out, 
the result would be injury to the people and consequent trouble 
to the Government. 

It ds not too much to say that such a guarantee is, from its 
very nature, almost an impossibility. The supply in any canal is 
liable to so many fluctuations arising from different causes, some 
of them entirely beyond control, that it is out of the question 
attempting, to maintain a permanent and unalterable Supply. 
That such is the case, both Sir Proby Cautley and the late Colo- 
nel Baird Smith attest to with an earnestness that places it 
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beyond all doubt. In his “ Disquisition*on the heads of the 
Ganges and Jumna Canals,” the first named eminent authority 
thus writes* :—“ During heavy droughts I have known the tail of 
the main trunk of both the Eastern and Western Jumna Canals 
to be frequently dry. I recollect during one season that on the 
most urgent application from me to the Superintendent of the 
‘Western Jumna Canals, to keep, at any rate, the Ellenborough 
Tank in the City of Dehli filled with water, he was positively 
unable to do so.” In his elaborately drawn up and exhaustive 
Report on the famine of 1860, the late Colonel Baird Smith thus 
writes regarding the action of the Ganges Canal at the most 
critical part of the year. “ Up to the end of July the supply was 
sufficient, but from the beginning of August to the beginning 
of October, when the fate of the autumn harvest hung in the 
balance, and when everywhere beyond the influence of artificial 
Irrigation, it was being scorched into mere waste, the volume 
available ranged from 26 to 42 per cent below the needful stand- 
ard, It is not in the autumn Irrigation that any possible eco- 
nomy of consumption can be of’ much practical use. The most 
valuable products of that season must have full supplies of water 
at short intervals, or they certainly die.” 

Here then are two high authorities on Irrigation, bearing testi- 
mony to the impossibility that exists in the declaring any Canal 
supply being a Permanent one. And the causes that led to the 
scanty supply in both the two instances above quoted, are well 
worthy of examination. In the instance adduced by Sir Proby 
Cautley, the deficiency at the tails of the Eastern and Western 
Jumna Canals, is due to excessive consumption on the upper 
portion of both lines. It is true that Sir Proby is writing more 
especidfly with reference to the Navigation on those Canals, but 
the illustration holds equally good regarding the Irrigation. Yor 

© Page 49. 
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he says,—‘‘so far as my°experience goes there are yeara (and by 
no means of unfrequent occurrence),“when the country is visited 
by drought, during which no amount of superintendence could 
protect the water-course heads from the Cultivators, so as to 
maintain Navigation in an Irrigation Canal.” If this paragraph 
means anything, it may fairly be taken to mean that there are 
times when a supply of water cannot be maintained with any 
certainty whatever in any Canal; nay that some portion of the 
Canal will be left absolutely dry. In analyzing the illustration 
adduced from Col, Baird Smith’s Report it will be seon that the 
Ganges Canal in 1860 did not receive during the most, critical 
portion of the year even its average supply. The supply, he tells 
us, fell short of the standard supply in quantities varying from 
one-quarter to nearly one-half of what it should have been. 

Thus, from the two illustrations above extracted from two 
different writers, it appears that there are two distinct’ causes 
at work rendering a permanent and uniform Canal supply a mat- 
ter of almost impossibility. They are, excessive consimption and 
deficient supply. There is yet a thicd cause remaining that is 
worthy of investigation. 

All Canals and hydraulic works are liable to accidents and 
consequent injury. The utmost skill and foresight may be un- 
able, and indeed are often unable to guard against serious con- 
tingencies arising, and affect materially the safety of the works. 
In proof of this the Ganges Canal furnishes abundant example. 
Take for instance, the grand defect of that Canal,—exceasive slope 
of bed. It is a defect candidly acknowledged by the great 
designer of the Canal, and its evils are patent to all. It is now 
well known that the action of the water passing down that ex- 
cessive slope has been to endanger most materially the stability 
of many of the most important works on the Canal. Nothing 
but the most anxious and ceaseless care has enabled the Canal to 
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be kept open so continuously, as it has beon, for irrigational 
purposes. Had one of those works failed or received permanent 
injury, the results would have been most alarming and wide- 
spread. Indeed it is not too much to say that such an event 
would have materially affected the whole of the country lyingson 
the water-shed of the Gangetic Doab, 

Yet in the face of all past experience on the North West 
Canals, it is gravely proposed to form a Permanent Settlement 
on villages lying within Canal influence, that shall contain, as one 
of its elements, an unalterably fixed rate on account of Irriga- 
tional adyantages that may accrue to them from the near or imme- 
diate viclnity‘of Irrigation Channels, Bearing steadfastly in mind 
the one great fact of the variability of the Canal supply, it seems 
impossible that such a measure can work fairly either for Gov- 
ernment or popular interests. Setting aside other objections 
(which will be noticed presently) it would* appear that this fact 
of variability of supply ought to weigh conclusively against the 
measure udder discussion. Indeed it is impossible to discern 
on what grounds the advisability of the scheme can be said to 
rest. For in truth the more it is examined the less does it seem 
to be founded on any solid basis. 

Other arguments adverse to the scheme remain to be consid- 
ered. Supposing it carried out, how are we to deal with the 
village proprietors or cultivators, if the supply of water has at 
any time, either partially or entirely failed? In order to com- 
prehend the urgency of this question, it is necessary to ander- 
stand thoroughly the nature of a Permanent Settlement. 

The one great characteristic of such a settlement is the unal- 
terability of the revenue demand. Once the settlement is effect- 
ed no Consideration can or ought to affect it. If one, year brings 
an abundant harvest, the landholder will enjoy his increased 
profits without any fear of an increased rental. On the other 
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hand, as Government kas agreed once and for ever to waive all 
rights to a future share in the village returns other than those 
reserved at the time of the Settlement, so the Government would 
decline to receive less should the harvest be scanty. By accept- 
ing the Permanent Settlement, the landholder has accepted the 
tenure of his lands for better and for worse. 

But how does the case stand if he has accepted his tenure on 
the understanding that his assessment has been fixed with refer- 
ence to the capability of his lands receiving Canal Irrigation ? 
Suppose the supply to fail. Hjs lands are at the tail of an 
Irrigation Channel; the supply has been expended before it 
reaches them ; or the full suppiy has never entered the Channel. 
He has abandoned his wells, or they have fallen in from perco- 
lation of the Canal water. The rains fail. The Canal is dry. 
Here are then Contingencies all (at least two of them) beyond his 
control. How is he to guard against them ? How is he to pay 
the Government demand, the element on which its security rests 
having failed him? Yet, according to the theory of the Per- 
manent Settlement, he must pay. “The Government demand 
is fixed and unalterable.” 

Take, however, a less extreme view of the case of variable or 
deficient supply. In times of drought, partial or exceasive, the 
demand for water is enormous. It may even be so great as to 
exceed the utmost capability of any given Canal. The distribu- 
tion of water then becomes a matter of great difficulty, of such 
difficulty in fact, as to almost defy ‘the utmost exertions of the 
Canal authorities. In such a time, it is evident that in order 
to allow of all benefitting more or less from the supply, it is 
necessary to close some irrigation channels or heads, in order 
that lands lying further away from the source of the main Canal 
may participate in that supply. It is also evident that whenever 
this closure has to be enforced for any length of time, that some 
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amount of suffering must exist somewhere. Under a revenue 
system based upon Canal advantages, the struggle for water will 
be unmitigated. The utmost efforts to force water down to 
the lower parts of the country adjacent to the Canal would be 
unable to cope with this struggle. The supply would be utilieed 
long before it could run its course, and consequently many would 
be defrauded of what they would consider as their inalienable 
right. 

Now it must be evident to the meanest capacity that in these 
two cases a great injustice would be inflicted on the people 
suffering from a scanty supply. Iti is, however, possible that the 
sufferer, if he be an educated Native or a European Settler 
would refer his complaint to a Court of'Law for decision. For it 
is certain that, should the supply fail from whatever cause, a 
breach of contract would exist on the part of Government. And 
should the landholder bring his grievance into a Civil Court 
and obtain a decree in his favour, such a precedent would be 
established as to cause endless, and possibly successful, litiga- 
tion against the State. 

Having thus analyzed the objections to the proposed system, 
it only remains to shew what the true course is that should be 
adopted. A small pamphlet on the “Introduction of the Land 
Tax into the North West Provinces” has lately been published 
containing opinions that appear to be unassailable. In page 16 
of this pamphlet occur the following remarks. “It seems then 
trusting toa broken reed to found the Permanent Settlement 
of the most prosperous and flourishing part of the country upon 
so dangerous and uncertain a basis. The plan I advocate is that 
already proposed in 1855 or 1856, by Col. Baird Smith, whilst 
Superintendent General of Canals, riz ;— ‘that when artificial 
Trrigation has been provided at the cost of the State, the land 
Revenue should be fixed at such rates ag would be taken were 
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the crops dependent or the rains only, or on wells, or on works 
the exclusive property of the Zemindars themselves, for the water 
they need, and that in cases of villages irrigated from works the 
property of Government, any additional charge should be in the 
form of a water-rate, exhibited in account to the credit of the 
Irrigation Department,’ ” In page 23, the writer of the pamphlet 
goes on to say ;—I mean that we should look entirely to the 
physical and~nstural properties and qualities of the soil, and 
omit any and all special peculiarities arising from situation, 
such as the vicinity of markets and roads. In making a Per- 
manent Settlement too, the vicinity of indigo factories or cotton 
screws, or any such like mercdatile establishments should not 
be taken into consideration.” 

Indeed it is difficult to imagine how any other views than 
those can be held after due consideration. For it must be con- 
sidered that whilst the Permanent Settlement is intended to last 
to all time, every other institution will be ina state of gradual 
and sure transition, This point has been well remcrked on by 
Mr. Forbes, the present Collector of Meerut. He says (vide 
Appendix No. IL of the pamphlet under notice) ;—“ Gurhmook- 
tesur and Shaderah, mentioned by him as large marts, are no 
longer such ; nor is it any satisfaction to those proprietors who 
may have been highly assessed, by reason of the vicinity of such 
marts, to be told that others, Bhagput and Ghazeeabad, have 
arisen in their places. So also many other towns of importance, 
at the.time of the last Settlement, have subsided into comparative 
insignificance.” It is not known whether lands lying in the 
vicinity of the first named towns were assessed ata higher 
rate than others ata greater distance, but had they been so, 
the high assessment, under the thirty years’ tenure, was, at least, 
terminable. But suppose the Permanent Settlement to have 
been in force when those two marts were flourishing, and that 
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it had been fixed with reference to their-existence, what would 
be the worth of those lands now, compared with their value 
then P 

There can be no reason why the supply of water should be 
dealt with after a fashion different to that of any other market- 
able commodity. Indeed reasoning by analogy, there appear 
to be sound reasons why it Should not be so dealt with. Now 
what is the action of Gas or Water Companies in England in the 
selling their products? Take for example, the instance of the 
Gas Company. It sells its produce by measure. Its rates are 
fixed at go much per thousand cubic feet of gas consumed. In 
the summer months, far less gas is consumed than in the winter 
months. Consequently payments by consumers are.less in one 
season of the year than in another. The gasometer blows up 
and there is,no supply at all, And no supply having been 
afforded to the consumer, no payments are demanded. The va- 
lidity of this example appears unquestionable, and why the same 
procedure should not be followed with respect to the sale of 
water for irrigational purposes seems almost impossible to ima- 
gine. Ifthe example proves anything, it surely proves that the 
Government should deal with its water supply in exactly the same 
way as the Gas Company deals with its gas. If there is. water 
and the cultivators use it; payment should be demanded. If 
there is water, and the cultivators have no use for it by reason 
of their wells, or by reason of a sufficient rain-fall, then no de- 
mand should be made from them. But if there is no.water 
at all, still less should the idea of a demand for payment be en- 
tertained. It is certain that in equity, these arguments are 
beyond the reach of all cavil or dispute. And in consequence 
it is equally certain that, to make people pay toall time for 
advantages that may or may not be afforded them, such an in- 
justice would be perpetrated as to cast a great odium upon 
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the administration that devised and carried out such an ill- 
advised, and, from a political point of view, dangerous measure. 

There need be no difficulty regarding the Settlement of Canal 
rates. If neccessary they could be varied so as to suit the 
exigencies of times and demand. We know beyond all doubt 
that the prosperity of the country is increasing, and that conse- 
quently the value of wages, labor, and materials will simul- 
taneously increase, causing thereby’én increase in the cost of 
supplying the water. Consequently the rates chargeable on the 
water might be enhanced, in order to meet the increased cost 
of supplying if. On the other hand, should the country be suf- 
fering from the effects of drought, or disease, or internal com- 
motion, they could be lowered temporarily, till the cause for 
reducing them had passed away. 

With regard to enhancement of rates it would appear politic 
that it should not be allowed to exceed a certain limit. And the 
limit should be fixed with regard to the financial condition and 
prospects of the Canal, and the advantages it may be ‘conferring 
on the Irrigating community. It may be laid down asa fixed 
rule, that no rates should be imposed that would bring in a 
return in excess of 5 per cent., after defrayment of all expenses. 
This surplus might go to form a reserve fund, from which other 
Trrigational works might be carried out from time to time, as 
necessity pointed out, 

The object of this little brochure will have been thoroughly 
attained, if, in the smallest way, it helps towards a reconsideration 
of the weighty questions brought forward in it. It would ap- 
pear that the whole of the Canal administration of the North 
West Provinces, has been looked at from a far too mercantile 
point of view. It is not from such a point that a wise and far- 
seeing Ruler would view the matter. It is no question of 
“yeturns,” and “ profits,’ of “ measurements” and “sales,” that 


16 


would engross his attention. He would take it up in a far 
different spirit. He would consider it as a matter affecting for 
good or evil the welfare of millions, and of the millions to fol- 
low after them. He would see only that an infinitely great 
estate had been committed to his charge, and that it would be 
his bounden duty to maintain it, and improve if to his utmost. 
To compare great things with small, he would bear in mind 
how that an English Landholder improves his estate by clearing 
and draining, without ever dreaming of any direct return result- 
ing from these operations. The returns would be in the in- 
creased breadth and thickness of his crops, in the general 
security of bis land, in the well-being and prosperity of his 
tenants. And it is to those kinds of returns that an Imperial 
Government should look when devising any great scheme for 
the improvement or the safety of the country over which it pre- 
sides. And such returns are sure to follow from the blessing 
of a Permanent Settlement, unfettered by any question concern- 
ing the frice or advantages of such a precarious element in it, 
as thé”present Canal supply in these Provinces. It is admitted 
by very many that the blessings of a Permanent Assessment aro 
great. It is admitted by all that the blessings of artificial Irriga- 
tion, if natural cannot be obtained, are beyond all dispute. But 
the Permanent Assessment being for all time, should be based 
upon conditions not liable to change, amongst which artificial 
Irrigation is assuredly not one. And unless this question of 
Irrigation be entirely eliminated from the consideration.of the 
Permanent Assessment, it is impossible that justice can result to 
the people or satisfaction to the Government. 


REPLY, 


ETC, 





In the preface to his “ Disquisition,” Sir Proby Cautley 
says, the main point at issue is “ Whether the Ganges Canal 
“should have been led off above the commencement of the 
. “Northern Doab, &c., or below it.” I quite agree that this 
is one main point at issue, and the most important of all 
the points on which I differ from him, though there are 
several other extremely important ones. But wherche goes 
on to say that in order to justify his view as to the proper 
position of the head, “he is compelled to enter into minute 
“and tedious details regarding the surface contour of the 
“country, &c.,” I-am obliged to differ entirely from him. 
All his long qetour in the Himalayas, and on the Jumna, I 
consider as only calculated to lead away the attention from 
the real point at issue. The question is—Can a weir be built 
across a certain river having a certain volume of water, 
depth, fall per mile, bed, and banks, at a practicable cost ? 
Whatever tends ‘to absorb the attention on other points can 
have no effect but to keep the truth out of view. We cen- 
not be sufficiently careful in disoussions of this kind not to 
lose sight of the real object of our search. The cuttle-fish, 
because it cannot run or fight, muddles the water, and'walks 
Az 
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away in the darkness which it has produced ; and the case is 
such with us if we meddle with matters which are not essen- 
tial to our inquiry; our prey, which is the truth, escapes 
us in the confusion, and leaves us groping about with 
nothing for our pains. I shall endeavour, therefore, “60 far 
as is possible, to keep clearly before myself and my readers 
that one point which is all that we want to know, viz., 
Whether we can build a weir across the Ganges below the 
Solani, considering the nature and volume of the river in 
thet neighbourhood ? 7 

All that bears upon the real point in Sir Proby’s pamphlet 
is cohtained in three or four pages, and the details of levels, 
&e. he gives, puts the matter as strongly in favour of a weir 
below the Solani as details can put it. He gives the fall 
1} feet per mile, the extreme rise of the river 11 feet at 
Fattyghur (the nearest point he mentions), the bed sand, 
and the banks flat alluvium. The current for this fall and 
depth must be three miles an hour. Now, in Madras we 
have constructed several weirs with the same bed and banks, 
with currents of from 4 to 7}, miles an hour, with a rise in 
floods up to 85 feet, and with falls of 13, 1}, 2, 3}, and up 
to 10 feet. Those who are not satisfied with this fact in 
favour of practicability against argument only, must remain 
dissatisfied ; for nothing stronger can be said. 

Sir Proby Cautley has not given the volume of water, 
but it is somewhere about } of that of one river across 
which a weir has been built. : 

As to the other point, “the cutting e canal so that the 
* Jevels may meet the surface of the Doab,” Sir Proby says, 
“it is a possibility that nobody ever doubted.” (p. 90.) 
Tn following, therefore, Sir Proby through his “ Disqui- 
sition,” I merely try to meet the cry, which might otherwise 
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be raised, that I have not answered him, but so far from 
thinking it really necessary to do so, in order truly to 
answer him, I insist upon it that a previous tour in the 
Himalayas and on the Jumna, even in such company, is 
only calculated to fatigue us, and make us unfit for our 
work when at length we arrive at the only part which re- 
quires to be discussed, viz., the river after it leaves the hills. 
I can therefore only entreat the reader to keep this point in 
view, and to observe—for whether a professional or non- 
professional man, he is equally capable of judging of this 
argument—that, taking the date Sir Proby Cautley himself 
has now given us, we cannot possibly be wrong in thee con- 
. clusion that having executed*works of this kind on rivers 
with tauch greater volume, depth, current, fall, &c., with 
entire success, a fortiori, we could construct one in this part 
of the Ganges. 

‘The tendency of Sir Proby Cautley’s “ Disquisition” is to 
make non-professional men imagine that the whole matter 
between us is involved in such a mass of professional 
details that it is a case of doctors differing, and that con- 
sequently it is hopeless for them to attempt to”unravel it; 
my object is to put the subject before them in its true 
nature, and in the simplest possible form. The case is this : 
Can we do on the Ganges what we have donc elsewhere, in 
several instances in far more difficult circumstances, the 
banks and bed of the rivers being exactly the same, but the 
depth, fall per mile, current, and volume from three to eight 
times as great. And in saying this, I am not insisting 
upon any deta that Sir Proby Cautley has not acknow- 
ledged; I am arguing from the statements of those points 
given by himself. With this protest, I proceed to notice 
the statements of Sir Proby’s “ Disquisition” seriatim, 
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At page 2 it is said the Madras Engineers build their 
weirs or Anicuts so that “the flooring of the canal is on 
“the same level as the wasteboard of the Anicut.” This 
.is not a correct description. The flooring of the canal is 
several feet below the top of the Anicut, and in some of the 
works arrangement is made for raising the Anicut during 
the dry season by means of iron, posts placed at intervals 
along the top, with grooves at theif sides to receive planks, 
which can then’ be removed at the approach of the mdhsoon. 
Thus the Godavery Anicut was originally built of solid 
masonry 12 feet high, with iron posts 24 feet high, and it 
is no raised to 14 feet with the posts added ‘as before, so 
that it raises the water in the dry season to 164 feet above 
the bed, while the flooring of the‘€anal is 8 feet above the 
bed of the river, or 84 feet below the top-of the planks. 
When the planks are not placed, no water goes over the 
weir till there is 6 feét in the canals; and when they are 
‘ placed, no water escapes down the river till there is 8} 
feet in the canals. Sir Proby Cautley next goes on to 
say, “An artificial reservoir is thus obtained in lieu of the 
“natural flow of water into the heads, which is gained by 
“spurs, &e., in the North West.” This also is incorvect. 
There is, of course, some water collected above the anicut 
in the bed of the river, but the quantity is quite insignifi- 
cant, and that éntering the canals is only the natural flow 
of the river, the same as in the North West. In the 
Godavery, for instance, the canals, when the water is 84 
feet deep in them, cart carry off, I believe, with their present 
breadth, about 1 or 1} million cubic yards per hour (8,000 
or 10,000 cubic feet per second), so that the water detained 
above the weir would not supply them long? The water is 
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spurs, in the North West. The only difference is, that the 
weirs give a complete control of the rivers, which the spurs 
do not, because the latter are liable to be carried away at 
the moment when they are most wanted. Neither does the 
next paragraph of the “ Disquisition” (page 2) correctly 
describe the ‘difference between the Madras system and 
that of the North West. We do not “select the foot of a 
rapid.” Sometimes, as if the Godavery, thoygh not at the 
foot ef a rapid, for there is no rapid within, 50 miles of the 
weir, the broadest and consequently weakest, part of the 
river is chosen, and sometimes, as in the Kistnah, the 
narrowest part is taken, where the power of the iver is 
greatest. ‘The choice of site simply depends upon where 
the water can be led off most economically, which again 
depends upon the supply of materials, &c. The real diffe- 
rence between the two systems principally consists—Ist, in 
making a permanent complete \ weir, instead of partial and 
temporary spurs; and 2nd, in “leading off the water at as 
low a level, and consequently bringing it from as short a 
distance, as the land absolutely requires. We should not 
-have thought of going to a point hundreds of miles distant’ 
from the land to be irrigated, when it could be got near at 
hand. ‘These are the real differences between the two 
systems ; and the real cause why the works in Madras, 
though still unfinished, are returning from 20 to 70 per cent. 
in actual profits to Government ; while the Ganges works, 
though they have now,been in hand some 20 years, are not 
yet returning a fair interest. Not-that I think the latter 
would not return good interest, perhaps 10 per cent., if they 
were only completed even upon the origtal plan, defective 
as it was. But most assuredly, had these works been 
originally planned and executed upon the principles of the 
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Madras works, they would, long before the sum they have 
already cost was expended, have been yielding at least 
as ample a profit as the Madras works. If it is still said 
this is all boasting, I cannot help it. It is the actual 
Mtate of the case, and the public service absolutely requires 
that the matter should be. clearly and distinctly shown 
as it is, in order that the Government and Companies 
may be guided respecting the pMinning of future works. 
The two systeps have been tried, and the results are 
palpable ; and all we have to do is to make the best use 
we can of experience dearly purchased. It is of no use 
at all, nay, it is treason to India, to sereen from view the 
facts of the case. At this «moment the vast results of 
the Madras works are the grand support of the argument 
for regulating the waters of India, for, (as Ruskin so beau- ea 
tifully descr:bes it) converting that “ which now overwhelms 
“the plain, and poisons the wind, its breath pestilence and 
its work famine,” “into that which, “ rightly directed, flows 
“ in soft irrigation from field to field, purifying the air, giving 
“food to man and beast, and carrying their burdens for them 
“on its bosom.” And it is equally a fact, that the want of 
returns in money. from the Ganges works, is the grand 
argument of the opponents of these beneficent operations. 
This was the objection raised by Mr. Laing, when I urged 
upon his attention, as the very first point in the financial 
question, this regulation of the waters, and it is the objec- 
tion in the mouths of every one of our opponents—“ how- 
“ever beneficial these works are, we cannot afford them; we 
“have sunk 2} millions in the Ganges canal, and it is not 
“even yielding the ordinary interest of moneys’ This is the 
actual state of things, and at whatever cost of personal 
feelings, the public interests require an answer to the ques- 
tion——Are the principles which have resulted so well in 
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Madras applicable to the vast plains of India generally, 
and especially to the principal plain, that of the Ganges? 
Upon the correct solution of this question depends nothing 
less than whether we can extend the regulation of its waters 
to India generally, or whether 19-20ths of that country 
must still remain subject to drought and flood, and their 
consequents, oppressive taxes, disease, famine, and dis- 
content with our rule,"as well as isolation from the 
markets of the world, from the prohibitory cost of land 
carriage. This is not e Giscussion between two insignificant 
individuals, but an investigation into the value of two 
systems; which involves in its results, if rightly deal* with, 
the wealth of India, and conséquently of the whole empire, 
in-avroxtraordinary degree. 

Further on the same page Sir Proby Cautley repeats his 
former assertion, that “the physical conditions Sf the river ° 
“systems” (that of Madras and that of the North West) “in 
“the two cases are in some important respects widely dif- 
“ ferent, as will be shown in the sequel ;” yet in-the sequel he 
mentions no one important particular in which they differ, 
excepting that the southern rivers are very far larger. 
Their beds are the same, their banks are the same; in all 
other respects we have had in Madras to deal with far 
greater difficulties, greater*depths, greater volume, greater 
currents, and greater depression below the country. 

From page 2 to page 9 Sir Proby Cantley speaks of the 
passage of the Jumna and Ganges among the Himalayas, 
of the fall of the rain in the -Doab, and of the flooding of 
the Jumna; but this part contains nothing which in the 
least affects the question at issue, viz., tlic practicability of 
building a weir across the Ganges after it leaves the hills ; 
the whole tendency of it is not to throw. light upon, but to 
hide the truth we are in search of. 
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At page 9 Sir Proby Cautley gives the rise of the river 
at Futtyghur at under 11 feet as the highest in 11 years. 
How very strange it seems that it should not have ‘struck 
him while recording this, that as we have mastered rivers 
with a rise of 80 and 85 feet like the Godavery and the 
Kistnah, he was registering a fact which was altogether 
an argument on our side! The Godavery Weir is 14 feet 
hjgh, the floor of the lock at the head of the Canal is 8 feet 
above the deep bed of the river, and the lock walls are 22 
feet high. » At the Kistnah the wéir is 16 feet high, the 
floor of the lock is 10 feet &bove the summer level of the 
watergand forty-eight feet above the deep bed, and the lock 
walls are 27 feet high. ‘The*vhole depth of water from the 
deep bed of the river to the level of flood is 72 fect. *Niiat 
an insignificant work in comparison with these would be the , 

* Ganges Wéir, having only a total depth of about 18 feet to 
deal with: Supposjng the floor of the lock was 8 feet 
above thg deep bed, the weir itself might be 8 feet high, 
and the lock walls 11. feet high. It would, in fact, be a 
Lilliputian work, especially when we consider that the body 
of water is about 4 end 3 of those of the others. Now if 
after successfully mastering those southern rivers, Engineers 
were to undertake to throw dams across others that had a 
rise of 50 feet, and a volume 58 times that of the Ganges 
at Futtyghur, it would not be presumption, but only bold- 
ness such as every Engineer ought to be prepared to show ; 
so that we might fairly argue that our next attempts might 
be on the Yangtzye and Yellow rivers, instead of our 
being gravely warned not to think of encountering this (at 
the point named) petty Ganges stream, with its fall‘of 14 
feet, its current of 3 miles, its depth of about 13 feet, and 
its volume of 25 million of cubic yards. 


lL - ° 


Sir Proby Cautley then speaks of the suddenness of the 
floods in the Ganges; but this in no way affects such a 
work; it is a matter of perfect indifference to a solid 
masonry weir whether the river rises 1 foot or 10 feet in 
an Hour. He'then goes on to speak of the'd declivity at the 
present canal heads being from 16 to 20 and 30 fect per 

_ mile. This, if it bears upon the question at all, can only 

tend to show that it would have been better to begin lower 
down, where the declivity i is only 14 Teet. 
Sir Proby Cautley next speaks of sudden rises of the river 
in the dry season placing unfinished works in the beds of the 
river in jeopardy. This is certainly a disadvantage, but we 
have just the same in Madras ; we have had bridges entirely 
déstivyed, when nearly completed, by these irregular floods. 
But such contingencies ought not to prevent an Engineer 
from attempting anything. We have had several accidents 
in this way, which have caused extrp expense, but they 
have not prevented the works being completed. _ 

In some of the pages which follow the 12th, Sir Proby 
Cautley speaks of the stone of the neighbourhood. He 
says that in general it is unfit for the works; but to this I 
can only reply, as I suid before, that I saw excellent stone 
in Hurdwar myself, and I need not pretend. to doubt 
whether more could be found*where it came. from. That 
the stone generally is soft does not the least affect the 
question, which is, whether there is hard stone in the neigh- 
bourhood. He speaks also of the masses of old masonry 
at Badshapoor, which must have lasted a long time. Sir 
Proby then finds fault with me for wondering that the river 
pebbles had not been generally used, and is surprised “ at 
““my persisting in my assertion after he had told me I was 
«‘ mistaken.” But I really must believe my own eyes. I 
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saw the whole of the great works near the head of the canal, - 
and I did not see one pebble used in them. I therefore 
could not possibly be wrong in assersing that pebbles were 
not generally used. Sir Proby Cautley says that they were 
used in some of the foundations, but this does not contra- 
dict my assertion. I never denied that pebbles had been 
used at all. I said “it must have been in a very small 
proportion, for I saw no pebble masonry.” Sir Proby 
Cautley proceeds to arfrue for several pages that the Sewalik 
sandstone is unfit for such works, but no volumes of argu- 
ment can convince me against my own sefses. When he 
says that I confuse the soft sandstone of the Sewalik Hills 
with the old sandstone rock Gf Southern India, he begs the 
whole question by adding a word which I never used. *Vkat 
I compared with the Southern stone was not the “ soft” 
sandstone Gf the Sewalik Hills, but the tard sandstone of 
the same locality, and this makes the whole difference. I° 
did not say that the soft stone would do for the apron of 
the weir, but the excellent hard stone which I saw in 
Hurdwar. Sir Proby does not say what the cost of this 
stone would be, but I am quite sure houses would not be 
built of it if the cost wefe such as to make it impossible for 
us to use it for the apron of the weir; and there is another 

“kind, a conglomerate, which *the officers stated would cost 
278. a cubic yard, a cost not at all excessive for such 
work, . 

In the note at page 23 Sir Proby Cautley objects to my 
using the expression “the Delta” between the Ganges and 
Jumna. I have no doubt that it was merely a mistake in 
writing for the “Doab.” It is a mere trifle, however, and 
cannot in the slightest. degree affect the discussion. He 
then proceeds to spék of the difference between Delt 
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rivers which run upon the ridge of the country, and rivers 
in the upper part of their course which run in “a trough,” 
that’ in the lowest part of the tract. This may be said 
to be a true description ; but it does not affect the question, 
because our Madras works are not only constructed in the 
former circumstances, but in the latter also, Several of 
our Weirs are constructed in. rivers to which the country 
slopes. The Toombuddra works, for instance, as I have 
stated in my former paper, lead the water 70 miles, and to 
a height of 150 feet above the river, before they command 
the country. One of the Godavery Canals is cut 12 or 14 
miles before it commands the land, and begins to irrigate. 
At the Upper Coleroon Anicvt also the ground slopes to- 
words-the river, and the same on one side at tho Taner 
Coleroon Anicut. 

Sir Proby Cautley next describes the narrow-dat ground 
‘on each side of the Ganges, called the Khadir, with the 
high ground of the Doab skirting it; end“then proceeds 
to state that this is the distinction between the Delta rivers 
of Madras and the rivers of the North West running “in a 
trough.” My reply to this is, Ist, that whether the river is 
a proper Delta river or not does not touch the question of 
the practicability of constructing a weir. We must keep 
the two points distinct, because they have nothing to do 
with each other—viz., the practicability of building a weir, 
and that of leading the water on to the face of the land. 
Whether the river rans on the highest or the lowest part of 
the. tract of the country does not make it more or less 
difficult to build a weir; @at depends upon the nature of 
the bed and banks, and the depth, volume, current; and all 
per mile of. the water. The length or stability of the weir 
eannot be the.least affected by the height of the adjoining 
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country, or by the fact whether the canals have to be cut 5 
miles or 50 before they begin to irrigate. The difficulty and 
cost of the weir depend upon the things mentioned above ; 
those of the canals upon the height of the land above the 
river, the slope of the country in the direction of the course 
of the river, and the nature of the ground to be cut through 
—that is, whether flat or undulating, &c.; whether rock, 
earth, sand, &c. 2nd. As I have shown before, our Madras 
works are by no means confined to Delta regions. There 
are many Anicuts built on rivers above the Deltas, or which 
havé no Deltas. : ; 

At-page 29 Sir Proby Cautley goes on to say, that “in 
“ Delta ‘regions the rivers i severe floods find relief by 
“‘Jateral inundetion ; but in trough regions, action-bsing 
“ limited to a comparatively narrow channel beyond which 
“ the water cannot escape, the torrent within those limits 
“ operates with unrestrained violence.” 

This is evidently, in Sir Proby Cautley’s view, the point 
of his disquisition, and forms in his mind a conclusive argu~ 
ment agairtst the construction of an Anicut below the Solani. 
But I reply, that in Deltas, as out of Deltas, the weirs are 
constructed to allow the whole of the flood waters passing 
over them. In the case of the Coleroon Anicuts, which have 
now been in operation 28 years, the whole of the floods 
have always passed over them, and all the other works are 
constructed on the same principle. If they are not suffi- 
cient to pass off the heaviest floods, they are defective. We 
may have, of course, such floods as we have no account of 
in times past, and which may df#great mischief; but these 
wold occur in the absence of an Anicut, “ind their effect 
would not be increased by its construction; and we can . 
construct no hydraulie works at all if we are not to workil . 
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within jome limits, for whatever the floods have been in 
times past, it is certain that it is quite possible that double 
that quantity might pags down the river. It really seems a 
work of supererogation to repeat here anything bearing 
upon, ithe effect of an Anicut during the period of flood in 
the river, so well ought that to be known to professional 
men; but in compliance with a recommendation made to 
me, I must state for the information of non-professional 
“men, that during such period the water is only raised in.a 
trifling degree, and in most cases no appreciable difference 
is produced by an Anicut in thé flow of @ river, and no 
efflux of any moment is created by the Anicut. During 
floods in the Godavery River it, is impossible to distinguish 
from the rest of the flow the spot covering the Anicut, 
Si" Proby Cautley continues to argue for the necessity 
for very different treatment for “ Deltaig regions” and 
“trough regions.” But all this only tends to obscure the 
truth. Delta works ought to be planned to carry off ex- 
treme floods just the same as other works; and further, 
we have abundance of works on both kinds of rivers. All 
that Sir Proby Cautley says, implies both that-there are no 
Anicuts in Madras out of the Deltas, and also that the 
Delta works are not constructed to carry off the whole of 
the water in floods; but as neither of these is the case, all 
he Says on this subject is nothing to the point. He further 
says: “ Works of the same description and detail will not 
“answer for both. There may be a question gs to such 
“being at all applicable to both cases; but, at any rate, 
* when calculating estimates of cost, it would be dangerous 
“to place them in the same category as to extent and pro- . 
“ portions.” But who ever dreamt of such a thing? What 
grsinecr ever thought of planning a work that should suit 
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two different rivers? Did I propose to construct a work 
for such a comparatively insignificant river as the Ganges 
at Sookurtal, of the same “extent-and proportion” as for 
the Godavery or Kistnah? for a river of 18 feet deep, cur- 
rent of 8 miles, and volume of 25 million of cubic yards, as 
for one of 80 or of 70 feet deep, of a current of 4 or of 7} 
miles, of a volume of 160 or of 200 million cubic yards ? 
I certainly proposed to construct a work proportional to its 
peculiar locality, and should no more think of putting on 
the Ganges such" gigantic works as we have had to construct 
in the South, than I shouldthink of dressing a little boy in 
his. father’s clothes. . 

Sir Proby Cautley then-describes the Ganges Khadir, 
which is exactly the same as our Delta land, so for as it 
extends—that is, for a few miles on each side of the river, 
Nothing cen ba more simple than to carry the canals leading 
from the weir through this flat tract, which is partly below 
and partly above the extreme flood level. I may mention 
here tnat the most remarkable point in the river, as de- 
scribed in the “ Disquisition,” is the extremely small range . 
of the flood level. At Futtyghur Sir Proby Cautley gives - 
the,average of 11 years as 94 feet, and the highest flood 103, ; 
so that no land that is not generally flooded can be more 
than 14 feet under water in an extreme flood. 

The pages which follow, to the 45th, are taken up with 
the Jumna, with which we have nothing to do. Sir Proby 
Cautley then speaks of the Ganges works, and of the arrange- 
ments that were made for sanitary purposes, and implies that 
I treated with indifference evils of the greatest magnitude ; 
that is, that I did not provide for sanitary requirements. Not 
a word that I said implied that I did not intend to provide 
for them. The sanitary arrangéments have nothing in the 
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world to do with the site of the weir. The canals may be 
led close to, or far from, the cantonments and cities, whether 
the weir is at Hurdwar or Sookurtal. The only thing I 
said on the subject of sanitary’provision was, that in cutting 
the Ganges Canal deep in order to prevent the water keeping 
the neighbouring lands in a wet state, its Engineers produced 
the very effect they intended to prevent, because they cut 
through the water-tight stratum, and let the water into the 
sands below, which carry it all through thg country. There 
can be no question about fhis, and it was first pointed out 
to me by Colonel Baird Smith himself. “But when Sir Proby ‘ 
Cautley insinuates that my plans would prevent the ngfes- 
sary sanitary arrangements, he® insinuates what there is not 
the slightest ground for; for, on’ the contrary, those plans 
would provide a perfect system of “ drainage,” and thus 
necessarily render the locality free from stagnart pools and 
malaria. 
Sir Proby Cautley next speaks of the navigatiqp, and 
again states that it was quite a, secondary object; but he 
does not try to answer one of the arguments in my former 
' papers, intended to prove that so dealing with navigation 
in the projection of such a work was a mistake, dé 
speaks here of canals ag being accessory to railways, which 
also shows how etitirely he misapprehends the casé of transit. 
I have shown that exceedingly cheap carriage, such as 
nothing but water can give, is absolutely essential, and 
that in America from 95 to 99 per cent. of the’ goods are 
carried by water ; so that any Engineer who treats navigation 
as a secondary and unimportant matterfaakes the greatest 
possible mistake. India must either have water-carriage, or 
910ths of its traffic must be prevented. He says, “It is 
doubtful how far irrigation and navigation can be carried 
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on conjointly, without one clashing with the. other.” But 
~what avails such an assertion in the face of the fact that for 
14 years the whale traffic of the Godavery Delta has been 
carried on the Irrigation Canals? He thén argues from the 
failure of the Ganges and Jumna-Canals to secure navigation 
that it is impracticable. The Engineers have not provided 
properly for the navigation, and then argue from that that 
it is impragticable—just as they argue from their not having 
built a weir, that,such a structure cannot be made. And 
exactly’ in the same way they twight argue that, because 
they have not provided for the effective supply of the canal ° 
with water, because they have neglected to construct the 
most essential work—a permanent and complete weir at the 
head—therefore canals from rivers cannot be securely sup- 
plied with water. The answer is, that where the navigation 
has been aftended to, there it is in most successful operation. 
The irrigation without it would have been deprived of half 
its value. The last Madras administration report states 
that immediately on the main Trrigation Canal from the | 
Kistuah being completed, the lock at the lower end had to” 
be worked day and night to meet the great traffic; and the . 
hast return of the Godavéry Main Canal I have seen gave 
5250 boats passing in three months, or at the rate of 21,000 
per annums besides rafts. Sir Proby Cautley attempts no 
arguments against these facts; and, I am entitled to tsk; 
how could he? He merely repeats his own bare assertion. Sir 
Proby Cautley again, as in former papers, speaks of their 
not being able to afford water for navigation; but he has 
still no (answer to my arguments, that the navigation takes 
no water front the irrigation, except the trifling quantity 
required for lockage, which is quite insignificant ; nor does ke 
say a word about the enormous importance of the navigation 
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in time of fathine. I have shown by Colonel Baird Smith’s 
testimony, that at that time the importance of water-carriage 
to carry food from oth&r districts is far greater than that of 
the local irrigation. But he cannot reply to these arguments ; . 
and his silence will bear oflly one interpretation—that they 
aré decisive, and that to make the navigation a matter of 
so little importance that it was left in a perfectly ineffective 
state, after expending many thousands of pounds in locks, 
&e., was a fundamental mjstake, and the greatest injury to 
the country. 2 

At page 49, Sir Proby writcs—* So far as my experience 
“ goes, there are years (and by no means of unfrequené oc- 
“ currence) when the country & visited by drought, during 
“whieh, no amount of superintendence could protect the 
“water-course heads from the cultivators so as to maintain 
“navigation in an irrigation canal.” First, who cannot, 
see that to argue against a general line of proceeding by 
some special and occasional circumstance is false arguing ? 
Suppose we were to argue in this manner in respect of police 
matters}“and to say as to protecting the country in general, 
it is out of the question, for there are times when the coun- 
try is visited by drought, when no amount of superintendence 
could protect them ; for a starving multitude would plunder 
the bazaars in spite of any policc. Are we nefer to have 
rule and order, because there may be times when all rule 
and order is overborne? And so, are we not to make use 
of the navigation for nine years out of ten, because there is 
a possiblity that in the tenth we may not be able to use it for 
a month or two? The Erie Canal, which conveys several 
million tons a year from the lakes to New York, does not 
suffer from a mere possibility of interruption once in many 
years; but is stopped for five months in every year by frost. 

BR 
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And were it true that the navigation could notsbe maintained 

' for a few months at intervals of several years, it is not the 
slightest argument against it.. Thé railways in England 
are occasionally stopped by snow; but who dreams of their 
being given up on that account? But, secondly, at that 
very time of drought the navigation is of far greater imyor- 
tance than irrigation, as Colonel Smith shows ; and to allow 
the importation of millions of tons of food into the famine 
districts to be prevented by the upper cultivators emptying 
the canal and appropriating all the water, leaving none for 
the lower ones, would not of course be permitted, whatever 
foree it required ; the navigation at such a time is of such: 
vital importance that it mu& be protected, whateyer else is . 
allowed. But rules securing an impartial use of the-water 
for irrigation along the whole line of canal would bo suffi- 
cient for that purpose, for the navigation could only be 
interrupted by allowing the use of the whole of the water in 
irrigating the Jands adjoining the upper part of the canal, 
and depriving those. situated lower down of all irrigation 

' whatever. : 

At page 50, Sir Proby Cautley repeats his assertion*that 
“Navigation ‘should be subservient to the interests of the 
““agriculturist, and that ‘so long as there is water running 
“in the cahal, sufficient for the passage of the boats, boats 
“may be used upon it; when the fields require the water 
for irrigation, the passage for boats must cease ;” but he 
has not a word to answer to the facts that I have brought 
forward. In the Godavéry Delta we require every drop of 
water for irrigation in the dry season, and five times as 
much as we have, and we use all we have; but this does 
not prevent the navigation going on every day of the year. 
In the face of this fact, what can be the use of continuing 
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as if the water must be used for one or the other? The 
water is not injured for irrigation by boats passing through 
it. I have pointed outethe works that are wanted to make 
the canals navigable to their lower end during the dry sea- 
son—viz., to reduce the last part of the canals to levels by 
looks: this is all that is required. No running water is 
required for the navigation. I have pointed this out re- 
peatedly, and the navigation of the Godavery Canals for 
fourteen years, throughout the year, shows that it is com- 
pletely effective ; and no attempt i is made to set aside this 
argument, nor is the least allusipn. made to it in the pam- 
phlet under reply, and there can be no question that Sir 
Proby Cautley would have ansWered it if he could, 

Tha pages: following to the 55th are taken up with 
accounts of the Jumna Canals, which have nothing io do 
with the question of our constructing a weir on the Ganges. 
At page 55, Sir Proby says that ‘attempts were made by - 
driving piles, d:c., for a new head to the Jumna Lanal 
during the dry season of 1827-28, near Kurnal, but that 
all was swept away by the freshes. But he does not know 
whether the Engineer was trying to throw a dam across the 
channel; or to establish a head with temporary bunds, &c., 
so that it appears that it is not certain that it was even 
attempted to form a permanent weir. From the mention 
of piles it seems pretty certain that the Engineer did not 
understand the case if he was attempting to build a weir. 
‘At page 56, Sir Proby Cautley says: “Is it at all sur- 
“ prising that this ill success warned the Ganges Engineers 
“ against attempting to take a head from the sandy tracts of 
“the Ganges?” I do not know that it is surprising. It 
seems clear that at that time they did not know howto build 
a weir in such a situation, but having proved by numerous 
successful works in far more difficult rivers, that we do now 
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know how to construct such works, we ought to take advan- 
tage of that knowledge. At page 56, Sir Proby again,asserts 

' that though it is possible to build a-weir across the rivers 
in Madras, it is impogsible to do so on the Ganges; but 
again he does not bring forward a single argument to show 
us why what has been done on one river cannot be done«n 

‘another having thé same bed and banks, but with a much 
less fall, depth, and volume. He again brings in the word 
“trough,” but I have shown that the depth of the river 
below the land to be watéred, has nothing whatever to 
do with the construction of the weir, but only with the 
length of canal necessary * lead the water out upon the’ 
plains. 

I am sure Sir Proby Cautley is nite mistaken in_ima- 
gining that it is only by actual attempt at construction that, 
in the diametrically opposite views taken by himself and 

«me, the question at issue can be determined, By all un- 
prejudicdd. men, whether Enginders or. not, the matter is 
already determined that after the great works in Madras, 
this petty work on the Ganges can certainly be constructed 
without any serious difficulty. 

Sir Proby Cautley further says, “ He, no doubt, judging 
“from the tone of his pamphlet, considers that I am as 

“ignorant ‘and without experience, &.” It is surely too- 
much to expect that [ should consider him a man of expe- 
rience in these matters, when I know that he has never built 
or attempted to build a weir, and never seen those that - 
have been built. Ho certainly is ignorant and inexperienced 
on this point. There can be no possible question about 
this. The utmost that Sir-Proby Cautley can say is, “I 
don’t think ;” but from thirty years actual experience it is 
no presumption in me to say “1 know.” His being per- 
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suaded that my estimates are worthless-and visionary. does 
. not the least affect the case. They are calculated solely 
from the actual cost pf several works, built on exactly 
similar rivers, but many times as large, and it is impossible 
that better grounds for estimates could exist; but if is not 
a guestion of cost at all that we are discussing. The. 
Ganges Canal is confessedly in a state which affords good 
ground for alarm, and the important point now to be decided 
is whether remedies based upon, and in accordance with, 
the plan that has admittedly failed, or those belonging to a 
tested and successful system, anf, I add, incontrovertibly 
applicable to the case, are to be had recourse to. 

In pages 59 and 60, Sir Progy Cautley continues to aftgue 
that my experience is on rivers essentially different, because. 
they have such small slopes. And he gives the following 
as the slopes of the Madras rivers :— 


Cauvery . . . . « « » df feet 
Kistnah . . . . 1°. « 1 foot 
Godavery . . . . . . . Sinches 


Why did he not add the Ganges below the Solani 
thus ?-— , : ; 
/ * Ganges. . . . . 2. « 1} feot 

or less than half that of the river at the.first Anicut built. 
And when I mention the Pallaur with, a slope of about 10 
“feet, he disposes of it by means of one word, “ this is an 
* exceptional case.” In his former pamphlet, he says “ the 
“ Ganges has a slope of bed far beyond its Madras com- 
“ peers—THIg SLOPE MAKES ALL THE DIFFERENCE.” And 
here his own figures show that, our first large weir was on 4 
river with double the slope of the Ganges. ‘In the above 
statement of the slopes of the Kistnah and Godavery, how- 
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ever, Sir Proby Cautley is wrong. The actual slopes at 
the sites of the Anicuts of our Madras rivers are as 
follows :— 5 
, Upper Coleroon* Anicut, . . . 34 feot 
Lower ditto BONS wai eole By 
“Pennar sw we ee BO 

Godawery 2... 1... . Wy e 

Kistmah . 2... 2... EY : 

And that of the Ganges. . . . 14° ,, according 
to Sir Proby’s pamphlet, in the part of the, river 
below the Solani; so that it the « slope makes all the 
difference,” out of all our Anicuts, we have only one that 
is less than that of the Ganges, at the site jn question, and 
that in a degree quite insignificant, But in point of fact 
this idea about the slope is wrong—the fancy of a man-who 
has had no actual experience ;—the slope does not make all’ 
the diferente, for we find no great difference in establishing 
a weir across a river with afall of 1 foot, and that across a 
river with a fall of 3 feet or 10 feet. No eet pre- 
cautions are taken in the greater falls. 

Sir Proby Cantley says that they have already built dama 
and weirs over beds of sand of unlimited depth in carrying 
the canal across streams having falls of 94, 114, and 8 fect 
amile. To this I reply, then why, if “the slope makes all 
“the difference,” not build a weir across the Ganges with a 
fall of only 14 feet. ‘But these dams are not what we mean 
by weirs or Anicuts. Our works (and what I proposed to 
build across the Ganges) are permanent high weirs, from 
6 to 16 feet high, with such a fall of water over them. 
Thege dams on the line of the canal are low Snes, and the 


* There is no Anicut soposs the Capvery ; the Anicut is 
across the head of the Coleroon, where the two separate. 
® 
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water is raised by moveable gates win there are freshes in 
those streams. 
The following pages,,to the 68th, are about the drainage 
" streams of the Doab, which have nothing to do with out 
; pres question. At page 69, Sir Proby undertakes to show 
“not only how obviously advantageous it was in every 
“ point of view to select that particular spot "(Hurdwar) as 
“ the site of the canal head, but how impracticable it-would 
“have been to have gained the required object otherwise.” I 
am sure I have said ampl? sufficient to show that to do 
this is a great undertaking; but°I must, though at the 
expense of great repetition, follow Sir,Proby through this 
part of his “ Disquisition” alao. He “premises, however, 
nt rote That so far’ as the leyels alone were concerned, nobody 
‘ever doubted that they offered any impediment.” This 
point, therefore, is granted, and nothing remaifts but the 
question of the practicability of building the weir. “ 2nd, 
“ He also premises that it is only a question of economy 
‘@ whether a weir here is practicable,” so that there is no 
question also about the possibility of building a weir. He 
proceeds to state his approval of the construction of a-per- 
manent weir at Hurdwar, and he considers that it wll be 
comparatively easily built from the foundations béing laid 
in the boulder bed, and from the supply of boulders for the 
superstructure. Upon these points I-can state with cer- 
tainty that there ig no advantage in a boulder bed for foun- 
dations, because we have found that, excepting solid rock 
where no foundations have to be leid at all, sand is the best 
possible foundation, if only wells are used. We never have 
the slightest difficulty with our foundations, and they are 
extremely cheap, as may be judged from the cost of the 
Godavery Anicut, 200 R’s, or £20 per lineal yard, and this 
. o- ( 
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includes all the locks and sluices, temporary. embankments, 
apparatus, &c. Thistis for a solid masonry. dam I2 feet 
high, 48 feet thick, with a loose stone apron of 20 yards 
broad. The cost of the foundations was, in fact, quite in- 
significant. Many thousand bridges, aqueducts, ’ weirs, 
sluices, &c., have thus been built on these well foundatiens 
in sand, so that we have abundant proof of the cheapness 
and excellence of the foundations in sand. There could, 
therefore, be no possible advantage in a boulder bed overa 
sandy one in this respect. * 

In pages 71 and 77, Sir Proby Cautley gives us the : 
slepes of the country and of the river, with the height of 
thé watershed, or highest point of the Doab; and of the 
Futtyghur branch of the canal above the bed of the, river 
at various points. They show, as I stated’ in my former 
pamphlet, “that the level of the laud | alent the Futtyghur 
branch, above the low level of the“main river (at* the 
highest point on the river which is given in his table, viz., 
45 miles below the head of the Futtyghur branch) is 47 ; 
feet; and at the next point given, viz., 65 miles, it is. 28 
feet.. This agrees well enough with the information given 
me on the spot, that at two points which had been taken 
it was 40 feet. But Sir Proby says again here, that 
nobody can doubt the possibility of making a cut from the 
rivers so as to meet the surface of the country; so that, as 
I have said before, this point is conceded. I am, ,however, 
unable to make out the meaning of the remainder of this 
paragraph, where he says, “I hope I have, though at the 
“expense of some trouble, satisfied him on this point.” 
He cannot mean that he hopes he has-safisfied me that it 
cannot be done, because he had just, said nobody doubts it 
can; nor has he anywhere mentioned any obstacles to its 
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being done. He has given me no information here which I 
had not before. I am obliged to leave this paragraph, there- 
fore, as I find it, for I really cannot imagine what it meats. 

At page 78, he gives the nature of the soil on the high | 
bank, above the Khadir, as partly sand, partly slabs of 
Kuakur, and partly good soil, and says, “It would, on the 

*“iné marked by him, give him sand as the*bed of his 
“canal.” I have no great objection to sand for the bed of 
my canal; one of the main canals of the Godavery, for 
some miles from fhe weir,’ is a small branch of the river 
which we stolesind the bed is nothing but the loosest sand. 
There is no objection to sand if the current does not exceed 
8000 yards per hour. With thés current, or less, the canal 
puddles itself, and becomes as water-tight as if it were lined 
with butter. When we widened the canal above mentioned, 
we cut close to'the water's side to a depth below%the water's 
surface of 4 or 5 feet in loose sand, and found it as dry as 
dust—not a drop of water was soaking through the bottom 
or sides of the canal. Sand is only objectionable when you 
have a current of 50Q0 or 6000 yards an hour, which is suffi- 
cient to scour the bed as it does in the rivers. (lt is very 
probable that the branch called the old Ganges, below 
Sookurtal, would be used just in the same way we used 
that on the Godavery, and that a great deal of cost would 
thus be saved. 

Sir Proby Cautley proceeds to speak of the weir. He 
says, “ He selects a point near Sookurtal, and draws a line 
“thence to Newarrie on the main canal.” In this I only 
shewed the line which his own levels prove to.be prac- 
ticable. _ I did not attempt to decide upon the precise point 
for the weir, which could only be decided after much exa- 
mination. What I had to do was, not to give an actual 
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projection and-estimate in detail, but aes to show that 
T had ample grounds for” deciding upon the practicability 
of the plan of leading off the water below all the heavy 
drainage of the Sewaliks, and: to point out the general 
features of my project. All the details, of course, could 
Yonly be settled by close and careful examination of the 
ground by an Engineer experienced in the constructibn of : 
weirs. ; 7 : 
Sir Proby Cautley next shews the objections to such a 
weir, but ax they all arise from things that he has himself 
imagined, but which I have not proposed, they might as well 
have been omitted. I had supposed the summer or low level 
of the water raised 10 feet. To this ho is pleased to add, 
first, 5 feet, and then 3 feet more, and thus to make the 
’ surface of water in floods 18 feet above the low level, while 
the prgsenf level of the floods is only 11 f& .. . There is not 
a word in my paper about thus raising the flood level 
of the river, nor did such a thing ever enter my head, 
so that all the awfal consequences here particularized of 
inundation, fever, &c., are entirely imaginary. In the first 
place, I djd not pretend that I had determined the precise 
height of the weir, which could not be determined without 
detailed examination. But suppose this 10 feet had been 
decided upon, probably the top of the Anicut would be 7 or 
8 feet above the low level, and two or three feet of posts and 
planks would complete the height. The level of the floor 
of the canal might thus be 4 or 5 feet above the low level, 
sadhat when the planks were up 5 or 6 feet of water could 
enter the canal. The top of the masonry would thus be 
3 or 4 feet below the present flood level, and the Anicut 
might be placed where it would be sufficiently long to, pro- 
vide for the discharge of the whole of the flood water, 
’ without raising the surface more than vrobably a few 
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inches, instead of 7 feet as imagined by Sir Proby 
Ceutley. This objection. was exactly the sort of thing 
we had to encounter.when-the Godavery Anicut was 
proposed... “A weir 12. feet high! Why, the town 
“of Rajahmundry is only a few feet above the present 
* fleod level, the whole town will be swept away.” Bur 
THE RIVER IS NOT RAISED A SINGLE INCH IN FLOODS. 
You MAY RUN OVER IT IN A BOAT WITHOUT THE SLIGHTEST 
INDICATION OF THERE BEING A WEIR UNDERNEATH. I 
have no intention of inundgting a single square mile of 
country by an Anicut across the Ganges, and al] who have 
witnessed the passage of » flood over an Anicut will readity 
understand and avouch that none would be so inundated. 
Sir Proby Cautley next proceeds to warn me of the con- . 
sequences S of building weirs, and gravely to inform me that 
the tendency of the river at all times, when sifbjected to 
being interfered with by dams, especially in floods, is to 
“undermine the foundation in front, &c.” This is like my 
taking an old army-surgeon under instruction, and kindly 
pointing out to him the tendency of cutting off a limb to- 
produce such and such results. One would suppose that I 
had yet to build my,first Anicut, and that Sir Proby had 
been employed for 35 years in superintending, planning, 
and executing such works. How very extraordinary it seems 
that it should not occur to”him, that no talents gan more 
than make amends for the’ long actual experienee I have 
had, during which I have seen so many accidents, partial 
failures, and ultimate successes. In the same way he pre- 
ceeds as gravely to tell ué, that: I estimate such az Anicut 
at.75,0001., but that he thinks “that it would exceed the 
cost gf all his works from Hurdwar to Newarrie—that i is, 
somewhere about a million, or ten times the cost of either 
the Godavery or the Kistnah Anicuts thrown across rivers 
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of 6 or 8 times. the magnitude of the Ganges, so that for 
the quantity of water to be provided for, he estimates the 
cost at 60. or 80 times the actual cost of those works. My 
estimate is not a mere guess—it is based on the actual cost 
of similar works. But I must be again so boastful as to 
ask, who is best able to judge of the cost of such a fork, 
an officer who has had a hand in the construction of many 
great -works of the kind, or one who has never even seen 
one, and clearly does not understand the system of which 
they form a part? 7 

At page 81, he speaks of the want of building materials 
& Sookurtal and below. ‘This is a real difficulty, and would 
certainly make it mor exfensive than if the materials were 
at hand, but I have allowed for this by estimating the cost 
of the works at three or four times those of the Godavery 
and Kistfiah, allowing for the difference in the volume of 
water. But, further, having now both the canal and the 
rivey, no doubt much of the materials would “be brought at 
a small cost in carriage by those lines of water transit from 
where they are found. 

Hawing, by an inundation of his own creating, and of 
which I am entirely innocent, laid the country waste with 
fever, and swept away multitudes of towns and villages, 
Sir Proby Cautley next proceeds, at page 82, to say—* the 
* fact-is, that Sir A. Cotton, with his Madras experience, 
“Jooks on sanitary interference as totally uncalled for.” 
This is a singular sort of fact, when I have never written a 
word that implied any such thing. As I have said, my 

* plans{lanve all the arrangements for sanitary precautions as 
they were. Whether the Anicut is’ ‘at Hurdwar or lower 
down, the canals can be carried clear of cities, and a 

“thorough system of drainage may, and I say ought to be 
established, so as to prevent the collection of stagnant 
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water.’ “This charge is Pure invention, for which Sir Proby 
has not the Teast foundation. He. proceeds to say how 
Colonel Baird Smith told him that in Madras we were per- 
fectly indjfferent to sanitary discipline. To this I reply, 
first, that. in Madras we don’t fight with ghosts. So far 
* from having fever connected with our irrigation, our irri- 
gated districts are the healthiest tracts in the country. 
Tanjore, which is one sheet of irrigation, the whole tract 
entirely under rice cultivation from the coast to the Upper 
Coleroon Anicut, nearly 100 ee is entirely free from 
fever or any other epidemic. As & matter of course, the 
perfect drainage which is carried on in connexion with the 
irrigation does not tend to prodace fawer, but the contrary. 
It wag perfectly natural for Colonef” Smith, who had been 
so worried with fever in the North West, to be surprised at 
hearing nothing about it in Madras; and of coffrse he did 
not, in the few days he was in Madras, realize the fact that 
wo had no fever to contend with ; but if he meant tg say 
that we executed the works in such a way as was calculated 
to produce fever, he certainly was quite wrong, for no stag- 
nant water is allowed anywhere. It is very probable that, 
visiting the works as,he did while they were under execu- 
tion, he saw many things in an imperfect state; but this 
must be so. ‘A man might-as well find fault with the heaps 
of materials and rubbish about an unfinished “building: 
But this remark of Colonel Smitli's about fever calls for the 
observation, how careful we should be in judging from 
people's “first impressions.” Colonel Smith comes so 
brimful of the idea of a connexion between fever and irriga- 
tion that he cannot separate them. Everybody would have 
told him that whatever connexion there might be between the 
_ two things in the North West, where irrigation works are im- 
perfectly understood and imperfectly exeented, there was no 


such thing in our Deltas. But no doubt he thought-if there 
were not, there ought to have been, and that it should not be 
allowed thet evils produced by irrigation imperfectly sup- * 
plied in Bengal should not exist in the subordinate Presi- 
dency, just as Sir Proby Cautley’s quotations from him. in 
other places show that he thought it could not be tolerated 
that we. in Madras should know how to build weirs on 
sandy rivers with a certain fall, &c., when they had been so 
frightened at the idea of it that they had not even attempted 
it. It takes off the edge of our boasting to have to acknow- , 
ledge that both the idea of Anicuts themselves, and the 
teans of constructing them with perfect ease in sandy beds 
by means of well foundaticas, had been learnt. by us from 
the native Engingers. It was not that any geniug had 
arisen among.us, who had not among them, though that 
might have occurred even in Madras; but that we had be- 
fore our eyes that which had been effected by others before 
us, which they had not. If any cfedit was due to us.it was 
only that appertaining to our believing our own eyes, which 
it is evident: Colonel Smith did not do, or he would not 
have insisted on there being fever in ou» Deltas, nor upon 
the destruction of weirs if they were built in the North 
_ West; and the same with Sir Proby Cautley—it is evident 
he finds it difficult to believe bis own ears. Perhaps the 
real difference between us and our Bengal brother officers 
is that.we are willing to learn from others. But it is more 
probable that if they had there been preceded by as able 
native Engineers as wo have in Madras, they would have 
learnt thesame invaluable”lessons as to the right system 
that we have; and we might now have%een found committed 
to a false system, and earnestly persisting to attempt to’ 
defend it, in the face of the most unquestionable and even 
unquestioned success of the former, and failure of the 
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other, for it certainly is very hard for men to allow that 
they have been misled. 

So, also, Colonel Baird Smith complains of the bridges 
not having been built in Rajahmundry. In the first place, 
why did he not add—* But in ‘Tanjgre, where the works are 
“inp more advanced state, many thousand bridges have 
“been built, so that”every considerable town is directly 
“ cornected with every‘other in the district with completely 
“bridged roads, and thus in that small district there are 
1000 miles of road without a ferry.” I am glad, however, 
that Sir Proby Cautley brings fotward this point of the . 
bridges not being built at first on the Godavery, be 
cause it gives me an opportunjty of pointing out what I 
consider a fundamental principle in The execution of these 
works; and which has in general been carefully acted on in 
Madras—viz., to distinguish between shadow andssubstance, 
to keep carefully in view the great objects and distinguish | 
them from minor ones, and so take care that we are not 
expending our time, money, and energies among compara- 
tively insignificant things, while we let the essential ones 
slip through our fingers. “Our great objects in the irriga- 
tion works were—Ist. To prevent famine, &c., in the par- 
‘ticular district. 2n4. To obtain such direct results in 
money as to make those works a source of encouragement 
to the Government to extend the irrigation generally. 

T grant that in doing this we had to sacrifice many minor 

- things for the time; but, universally, this holds good, that 
we must either sacrifice the major to the minor, or the minor 
to the major. And certainly, nothing can be more evident 
than that we have, under God’s blessing, in this way fully » 
attained our ends. , . 

Rajahmundry is not only free-from famine, but it is in 
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the highest state of prosperity at this moment, having made 
such prpgress as no other district ever did in India. 
Secondly. Its state is ngw, ag I have said, our grand 
argument in favour of the extension of the system of regu- 
lating the water of India genorally; the clear profits to 
Government.im money are so enormous as to.sweepaway 
every sign of ground for the old argument against such 
works— We cannot afford it.” These works have not only 
paid their interest, but,their whole cost also, at least twice 
over in Government revenue, 80 as to prove not only that 
we can afford to execute them, but that even if only a small 
portion Sf India were thus treated, we might abolish some ~ 
of the worst taxes, and thus not only relieve the people, - 
but incalculably strengthen the Government. When J first 
was appointed to Rajahmundry, I had to decide before I 
could take a single step which I was to sacrifice, the 
general and effective improvement of the district by a 
complete system of works, or the repairs of the petty works 
already in existence. I had one inexperienced assistant, 
and it was impossible for us to do both. We had not even 
one surveyor whom we could trust with a line of levels, and 
we had to take them ourselves. I therefore left all the old 
works to themselves, while I took in hand the projection of 
. the great works, being fully assured that the repair of the 
old, petty, inefficient works was a matter of utter insignifi- 
cance in comparison with the -general reformation of the- 
district by a system of great works; and this principle of 
action we endeavoured to keep in yew throughout—that 
is, always to execute the works of essential importance in 
’ preference to those of minor significance. The case of the 
bridges was precisely a case in point. ‘Suppose the bridges 
-would have cost £100,000; the real question was, which 
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was most required—£100,000 worth of bridges, or £100,000 
worth of irrigation and navigation : suppose 200,000 acres 
of the former, and 200«niles of the latter, there could be 
no doubt: which should be done first. It was certainly 
some inconvenience to ferry across the canals, but it would 
have been still more inconvenient to die of famine for want 
of them. I am sure we have had a striking proof of the 
results of the opposite principle in the Ganges works ; 
when the famine came, the people had the convenience of 
bridges to pass the canals, and the inconvenience of dying 
by tens of thousands for the want of the distributing chan- 
nels to convey the water tothe lands, The water had begn 
led only to a small portion of the lands ‘to be irrigated. 
Supposing £100,000 to be spent on the bridges,‘had that 
sum'rather, been spent on distributing the water, I.euppose 
800,000 or 400,000 additional acres would have bé&n watered, 
and tens of thousands of lives would have been saved. . It 
would have been a far less evil for the people to be ferried 
across the canals for a few years, till the Engineer was at 
leisure and had the means to construct bridges; and 80 
also with the navigation. It was of incaloulably more im- 
portance that the works connected with it should have been 
in a. completely effective state, so that the hundreds of 
thousands of tons of food required for the perishing. multi- 
tudes should be conveyed through those tracts, than that 
* the people. should have the use of bridges. And thus we 
have a magnificent canal, with most convenient bridges at 
every 3 miles, and nqfhing could look mort’ complete ; but 
in consequence of so much superintendence, money, time, 
and lebour having been expended on bridges, which could 
have waited without any serious inconvenience, rather than 
upon the irrigation and navigation, when the famine came 
c2° 
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was most required—£100,000 worth of bridges, or £100,000 
worth of irrigation and navigation : suppose 200,000 acres 
of the former, and 200«niles of the latter, there could be 
no doubt which should be done first. It was certainly 
some inconvenience to ferry across the canals, but it would 
have been still more inconvenient to die of famine for want 
of them. I am sure we have had a striking proof of the 
results of the opposite principle in the Ganges works; 
when the famine came, the people had the convenience of 
bridges to pass the canals, and the inconvenience of dying 
by tens of thousands for the want of the distributing chan- 
hels to convey the water tothe lands. The water had been 
led only to a small portion of the lands ‘to be irrigated. 
Suppesing £100,000 to be spent on the bridges, had that 
sum'rather, been spent on distributing the water, I.suppose 
$00,000 or 400,000 additional acres would have be®n watered, 
and tens of thousands of lives would have been saved. It 
would have been » far less evil for the people to be ferried 
across the canals for a few years, till the Engineer was at 
leisure and had the means to construct bridges; and sso 
also with the navigation. It was of incaloulably more im- 
portance that the works connected with it should have been 
in a completely effective state, so that the hundreds of 
thousands of tons of food required for the perishing. multi- 
tudes should be conveyed through those tracts, than that 
’ the peopfe should have the use of bridges. And thus we 
have a magnificent canal, with most convenient bridges at 
every 3 miles, and nghing could look more complete; but 
in consequence of so much superintendence, money, time, 
and labour having been expended on bridges, which could 
have waited without any serious inconvenience, rather than 
upon the irrigation and navigation, when the famine came 
c2° 
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the country was not prepared for it, and the“foney returns 
are still so small that this great work,—instead of being as 
it might and ought to have been,-our grand argument in 
favour of extending the inestimable advantages of regulated 
waters throughout India,—is at this moment the grand 
argument in the mouth of our opponents. I ag sure*no- 
body can deny that this is the actual state of the case, and 
the actual result of forgetting the substance while we grasp 
at the shadow; we have the shadow of a grand and com- 
plete looking work, and have lost the substance of protec- 
tion from famine, and of such profits as would justify the 
Government in prosecuting the enterprize. This alone is 
one incalculable advantage of having the works in the 
hands of a private company. Shareholders cannot be 
deceived in this way; they will certainly knqw and feel 
whether tie real object has been kept in view—the judi- 
cious, and consequently profitable, expenditure of their 
capital. They have a rather uncourteous proverb in the 
North—* Fulés and bairns shouldn't see haif done turns ;” 
and of: course, in following out this essential principle, we 
incurred the danger of inexperienced visitors to the district 
while the works were incomplete, thinking “what a mess 
everything is in ;” but this is counterbalanced by the un- 
speakable comfort of seeing the district prospering, the 
Government satisfied and encouraged, and the whole scheme 
of the irrigation’ and navigation of India immensely for- 
warded. They have not even yet built the bridges in 
Rajahmundry, and I am sure both what has ‘Sccurred there 
and what has occurred in the North West, is only calcu- 
lated to prove beyond all question the soundness of our 
principles, and to make me hope that the people will con- 
tinue to ferry across the canals of Rajahmundry till the 
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remaining 300,000 acres have been irrigated. Nobdiy can 
doubt that the two or three lacs allowed per annum for 
these works should ale be expended on completing the 
distribution—that is, in the irrigation and navigation rfther 
than in building bridges. If Colonel Baird Smith had had 
an Estate imthose parts,of the district to which these things 
had not extended, he would clearly have understood which 
was of most consequence. The source of Colonel’ Smith’s 

false judgment in this casg was, that he did not see that 
the question was not whether bridges should be built or 
not, but which should be first provided for, the irrigation 
and navigation, or the passage of the canals by bridges 
rather than by forries. ‘And 80 flso with the general effect 
of tha works upon the whole question of regulating the 
waters of India. If the Ganges Canal had no bridges still, 
but a million acres were under irrigation, and the naviga- 
tion were in an effective state, the profits would be now 
perhaps 10 per cent, and Mr. Laing woffid be no lowger 
able to say that the Ganges works are not yet profit- 
able, and therefore that the Government cannot afford ‘to 
“prosecute such works, necessary as they are even to prevent 
famine. It-will be seen by the extracts from the Despatch 
from the Government of Indie, given towards the end of this 
paper, that I do not stand alone in these views, but*that I 
am supported by Lord Canning and the whole Council of 
India at Calcutta at that time. But the Government are 
not called upon to expend any funds. Private companies 
will, when once it hassappeared that good profits have been 
realized by one, come forward with money more than suffi- 
cient; the country will rapidly become prosperous in all 
its parts, and an overflowing treasury become the state of 
things; for, as it was once so well expressed in a Native 
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petition—“ THz GOVERNMENT OF A PROSPEROUS COUNTRY 
NEVER CAN BE POOR.” : ; 

In the course of his remarks at page 79 Sir Proby Cautley 
quotes from Colonel Baird Smith that if weirs were con- 
structed on the Ganges similar to those in South India, 
“they would inevitebly fail on the first serious tial.” But 
this is no new thing. Men entirely without e¥perience in 
a matter, when they first see certain works are greatly sur- : 
prised. They always think that most important things 
have been neglected, and most unnecessary things done, 
But this is because they are ignorant of the case. Till we 
have had actual experience, we always make vast prepara- 
tions against difficulties which do not exist, and entirely 
neglect the really important points. No doubt Colonel 
Smith thought that if these works did stand, at all events 
they ouglit not. But to say that works which stand in 
Madras would not stand in the North West in similar soil, 
but,with one-thil the depth of water, and half the height, 
and a much Wedker current, is simply nonsense. We are 
quite certain that what resists a certain force of water in a 
sandy river in Madras will stand a quarter or a tenth of the 
same force in the North West. What possible use can there 
be of this sort of writing? Who can imagine that the 
Kistnah Anicut, 16 feet high, built in 85-feet water in a 
current of 73 miles, with 20 feet of water passing over it, 
will stand in a sandy bed; but that if a stmilar structure 
were built 8 feet high in 2 feet depth of water with 4 or 5 
feet of water to pass over it, if built in the North West, in 
the same foundation, “it would inevitably fail in the firet 
“serious trial.” If Colonel Smith had argued in this way, 
“ Well, whatever I may suppose, as I have had no experience 
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“several vast works standing for years in such situations, 
“in a depth and current so far beyond what we have in the 
“ Ganges below the hills, and I can only conclude that. all 
“our ideas about the insuperable difficulties of such works 
“ are imaginary, and simply the consequence of our want of 
sis extperiengp ;’—if he had argued ‘thus, I think it will be 
, allowed that he would have been nearer the mark. 
““At page 88 Sir Proby gives the following as the widths 
of the rivers according to Colonel Smith:— 
Cauvery, 1 mile, or thereabouts, 
Kistnah, 13 to 22 miles, 
Godavery, 2000 yards Senieaeely shied and 6000 at thé 
Dam, or 3}: miles. = 
.The actual, widths aro— 
Upper Coleroon (not Cauvery), 5 furlongs, 
Kistnah, 5 furlongs at Dam. 
. Godavery, 3000 yards at the narrowest part, and a little 
above 4 miles at the Dam, 
including islands—that i is, whet are islands When the river 
is low, but the whole submerged several feet when ‘the river 
is in flood. 

Sir Proby then speaks of my determining the cost of 
the weir on the Ganges. I did not pretend to deter- 
mine the cost. I had ample means of forming a rough 
estimate of the cost, knowing the nature of the bed, and 
the volume of ‘water we had to deal with, and the actual 
cost of so many similar works ; and this was all I pretended 
todo. The cost could only be determined when the actual 
site of the works, &c. was fixed. 

At page 90 Sir Proby Cautley speaks of my mentioning 
12 miles as the length of canal to the Futtyghur ranch, 
and 50 miles to the main branch. The two are not, how- 
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ever, contradictory. At the end of the 12 miles the water 
reaches the high lend of the Doab, and begins to irrigate 
the land; at the end of the 50, it réaches the highest ridge, 
and from that point commands the whole country. 

Sir Proby Cautley next quotes some lines from the middle 
of a long paragraph of Colonel Baird Smith’s report” on 
the Madras works, which contain simply a pure invention. 
Nothing can be more evident than that to accuse an officer 
of falsehood without supporting that .assertion by any 
attempt at proof is wrong, and for another to repeat it is one 
degree worse. It is, however, of importance that this has 
been done by Colonel Smith and Sir Proby Cautley, because 
it shows how perfectly they’ felt that a case was lost, when 
they had recourse to such weapons; for certainly nothing 
but desperation could drive gentlemen to the use of such 
means; when such men condescend to throw mere dirt, it 
shows that wejghtier missiles are not at hand. I may also 
remark upon Sir Proby’s not only quoting this portion, but, 
moreover, omitting all mention of the rest of the same long 
paragraph in which Colonel Smith bears the strongest testi- 
mony to the efficiency of the works in Tanjore, speaking of 
“the permanent prosperity of Tanjore, its present large 
“yevenue, and the favourable condition of its inhabitants— 
“so remarkable as at once to arrest thefttention even of a 
“very indifferent cbserver—without question to be attri- 

. “buted in large measure to * * * * the construction of the 
“Upper Coleroon Anicut, &c.” When men thus so entirely 
forget themselves as Sir Proby Cautley has here, no ob- 
server can need any further proof of an endeavour to uphold 


the wrong side, for people do not lose their self-control till: 


they feel that they have lost their cause. 
Sir Proby Cautley next objects to my rough estimates 
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lower down, but.‘as he gives no reason for thinking they 
are not tolerably correct, I have nothing to answer. He 
objects also to’ my qyoting the Toombuddra works as a 
proof that it-was no such impracticable work to lead water 
out of a river upon a plain 70 feet above its bed, through a 
eotuntry perfectly flat, and without a stone in it, when a canal 
was nearly completed which led the water through an un- 
dulating and rocky country to 150 feet above the river. 
What in the world Sir Proby Cautley can see in this se- 
riously to find fault with, I cannot imagine. Is it very 
unlawful to take encouragement {fom what others have ac- 
complished to try and do something of the same sort? “Te 
then proceeds to find fault witl some of the details of these 
works. I am not going to fight this battle, though I dare 
say the Works have been very well executed; but his men- 
tioning these details only shows that he canno> answer my’ 
argument from the work itself; viz. that we ought to 
-be ashamed of making any fuss about leading water out 
of the Ganges below the hills on to the Doab, when such 
ingomparably more difficult works have been executed by - 
others. “It is, however, necessary that IT should observe 
* that Sir Proby Cautley has unfortunately in this part of 
his “‘ Disquisition” again travelled out of the public path; 
but in doing so I am afraid he has simply soiled his own 
hands, and certainly has not strengthened his advocacy of 
the original projection of the Ganges Canal. In my paper 
of comments upon’ his first reply I referred to certain por- 
tions of the scheme of works under prosecution by the 
Madras Irrigation Company, specially describing such por- 
tions as consisting of 72 miles of canal, including an Anicut 
across the Toombuddra, an Aqueduct over the Hindry, and 
a rocky cutting; and I expressed my belief that those spe- 
cified works, which formed a small part of the whole scheme, 
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would cost about 200,0001. or 250,0001. SirProby Cautley is 
8 Membef of the Council of India, and one of its Committee 
on Public Works in India, and should therefore be at all 
times thoroughly well informed upon all matters relating to 
the proceedings of the Company named; the Secretary of 
State having and exercising a right of control over its 
affairs, and no step being taken or expenditure*incurred by 
it without the full knowledge and sanction of Government. 
Having this knowledge, Sir P. Cautley has, I think it will be 
admitted, with undue haste, and Without due regard for his 
own accuracy, thus YemarKed upon my statement and belief 
of eost, after quoting my words which distinctly name, as I 
havé just said, specific portiops of the scheme :— 


“Why should the Madras T; trigation Company“ be’ 
“ dragged into this discussion, except with a view to glorify 
“an undertaking projected under the auspices of Sir 
“Arthur Cotton? The readers of this pamphlet will 
“ necessarily accept a statement of this sort coming from 
“Sach high authority, and would not suppose that there 
“could be any doubt in its correctness. The facts are 
* these :— : A 

“ Up to April, 1863, nearly 86 lacs of rupees, that is to 
“say, £360,000 sterling, had been expended on the above 
“ works, the state of which in the month of August, four 
* months later, was as follows :—” 


I have now been furnished by the Madras Irrigation 
Company with the following statement of their expenditure 
at the time named by Sir Proby Cautley. ; 


“The total expenditure incurred by the Madras Trriga- 
“tion and Canal Company on the Ist of April, 1863, was 
“ £334,554. This included preliminary expenses, cost of 
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« the main canal of which is over’ 600 miles in length, and 
“a large quantity of stores was also then in hand, 
“Of this £334,554, there had on that date been ex- 
“ pended in and on ‘account of the particular works speci- 
" « fied by Sir A. Cotton, including a very liberal proportion 
« of all general expenditure, £196,000.” 


Sir Proby-Cautley next sums up his objections to a weir 
below the hills. 

“Ist. Engineering difficulties of making and maintaining 
“adam. = 

“ Bed confined in a trough, and cf a sandy and treacherous 
* character.” - 

I have shown that the river being, as he calls it, in a 
trough (that is, at a considerable depth below the surfaée of 
the courttry), does not at all affect the construction of the 
dam,—no afflux of consequence being occasioned by an 
Anicut during floods,—but only the length of the canal to 
lead out the water upon the plain. As for the sandy bed, 
it is just the same as our Madras rivers. Re 

“2nd, Volume of perennial supply in the river.” * 

We had just as-much to dispose of during a great part 

_ of the working season in the Godavery, and arranged for it 

by temporary dams without any excessive expense. 

“3rd. Limited period during which the river is,left un- 
* touched by floods.” 

‘We had the same difficulties in the Madras rivers. 

“ 4th. Absence of stone and lime quarries, and scarcity 
“ of brick earth and other materials.” 

These will certainly increase the cost, but I allowed for 
all in my rough estimate. ; 

“Sth. Rafts, trees, and rubbish floated down during the 
“ floods.” 
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We have just the same in the Madras rivers, 

The actual cost of the Godavery and Kistnah Anicuts 
has been about 4000 rupees per paillion cubic yards of 
water discharged per hour; taking the Ganges at 25 
millions, this would give only £10,000. I have therefore 
probably allowed amply for the cost.of the Anicut, for the 
above includes the expense of overcoming all the difficulties. 
above enumerated. Sir Proby Cautley further objects-+- 


“Ist, A great portion of the low land, &c., is rich in 
“ villages, &c., a rise in the surface of the Ganges 20 feet, 
“or even 15 feet, &c.” But as I never intended to raise 
the‘level of the Ganges 20, pr even 15 feet—nay, not even 
1 foot—or to flood a single square mile, I should not have 
this difficulty to contend with. No lands are flooded by 
the Anicuts:in Madras. All these objections only show 
more cettainly thet Sir Proby is imperfectly acquainted 
with our system. : : 

“28d. Effects“apon villages and valuable lands by inun- 
* dation.” , oe 

“8rd. Evils in a sanitary point of view.” 

I have not the least intention of leaving anything yndone 
that may be necessary in a sanitary point of view. Now, 
teally, for Sir Proby gravely to say it requires new blood to 
propose and seriously recommend -the establishment of 
such evils, is strangely absurd.. Where have I said one word 
that implied I intended to produce inundation or neglect . 
sanitery arrangements? One of my grand arguments for 
irrigation works is, that in thus regulating the water we 
take the most effectual means for promoting: the health of 
the population. Every acre is drained and ‘protected from 
floods, and a stream is brought through every village, so 
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that both all stagnant waters are carried off, and no portion 
left for the people to drink, and every one is supplied 
throughout the year with running water direct from the 
river. When Sir Proby accuses me of inundating. the 
country and creating fever, he accuses me of producing the 
very results which the Madras system of works prevents. 

Sir Proby Cautley concludes by finding fault with the 
omission of the foot-notes in his memorandum, referring to 
the pages of mine on which he is remarking. I had nothing 
to do with the printing, and never observed that the foot- 
notes had beon omitted, and probably if I had superintended 
the printing I should have omitted them, not imagining 
them to be of the slightest consequence. Their omission, 
however, ¥ was quite unintentional on my part. 

I must again express my extreme regret that this discus- 
sion should have caused Sir Proby so much antyance. If 
it were merely a personal question between himself and me 
T should have made no reply to his “ Disquisition,” but it 
really is a matter of the greatest public importance, and I 
could not possibly let the matter rest. Sir Proby Cautley 
does not understand ‘the Madras works, and his remarks 
are calculated to leave very mistaken impressions on 
the great subject of irrigation and navigation with which 
the well-being of India is so inseparably connected. 
People generally, who only know that Sir Proby Cautley is, 
or was, thé“Engineer of the Ganges Canal, are not aware 
that he is entively without any experience in the Madras 
system, and will ascribe an authority to what he says about 
it which cannot possibly be due to one who has never seen 
the works, much less actually encountered and overcome 
the difficulties that do exist in carrying them out, as well 
as of getting out of his head those that have no existence 
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in the operations themselves, such as that the country will 
’ be deluged by a weir that does not raise the level of the 
floods, that works which drain every acre and supply every 
one-with flowing water fur drinking, &c., will lay waste the 
country with fever, that running water is required for 
navigation, &c. &c. His awful account of inundatiche, 
villages destroyed, fever, &o., as thé consequence of an 
Anicut, is only one of many things which show that he 
greatly misapprehends the subjegt, and is a partaker in the 
fancy common to non-professional men, that if we raise the 
“Gry season level of the river by an Anicut, we must needs 
raise the flood level several fect. But surely we may fairly 
urge that if these or any other desperate evils were the con- 
sequence of thdse works, they would have been heard of 
before now. It is most evident from the tone of Colonel 
Baird Smith's Report on the Madras works, and his public 
assertion of an abominable and unfounded personal charge 
agaigst me, entirely his own invention, (for I am quite cer- 
tain he never. saw or heard it made by‘énybody else,) that 
he was under almost as trong a bias as Sir Proby Cautley 
himself, and that if he could have made out that the works 
in Madras flooded the country, swept away villages, and 
depopulated cantonments and towns by fever, he would 
certainly not have omitted such things. But he only says 
what implies that there ought to be such calamities, he 
does not mention any having actually occurred. For my 
part, as long as they do not actually happen, I do not care 
whether they ought or not; and while our Madras works 
have produced nothing but rice, sugar, &., and their 
consequences, freedom from famine, tle wealth and satis- 
faction of the people, overflowing treasuries, as well as 
cheap transit and enormous traffic internal and external, I 
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am very well content, and onfy wish to see so completely 
successful a system extended to the North West and every 
other part of India. Jam sure I have the best possible 
right to an opinion on this point after the experience I 
have had with so many different rivers, and I am as certain 
ax] am of anything in the world that this system is per- 
fectly applicable to the North West, and that if it had been 
adopted there originally, there would have been many years 
ago just as great results there, both as respects direct pro- 
fits to Government, the. prevention of famine, and the 
increased wealth and satisfaction of the people, as there 
have been in Tanjore, on the Godavery, and on the Kistnah, 
the same increase of revenue, the same increase of traffic, 
the game oe extension of foreign trade, the same cheapness of 
passenger traffic, &c. ; ; for certainly the Gangetic tract has 
far greater facilities for irrigation and navightion works 
than the Godavery and Kistnah Deltas have. Observe 
only the difference in the rivers we have had to master, 
“their magnitude and great depth compared with the Ganges 
where it leaves the hills. We have certainly less difficulty 
in leading out the water upon the land, but not much. 
One offhe main channels of the Godavery does not begin 
to water till it has reached about the twelfth mile, or just 
about the same distance as we could begin to water at in 
leading -water from the Ganges. I can with the utmost 
confidence assert that if the Madras system had been 
adopted in the North West there would have been 1 or 1} 
million acres under irrigation before the famine, there 
would have been the most effective system of navigation 
in the world, so thi any amount of food might have been 
brought by the river to Allahabad, and have been conveyed 
by the canals to many parts of the: suffering tract at o 
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trifling cost, and some 10 years ago there would have been 
direct returns to the Treasury of at least 25 per cent. 
Those works would have been in full operation before one- 
half of the. actual expenditure had been laid out, and I feel 
confident, however these discussions may appear to those 
who are committed to the Narth West system—and at this 
moment they abound in high official quarters—those who 
are not, and can afford time carefully to consider the*fapers 
on both sides, whether professional or non-professional 
persons, will be satisfied that 1 have very good ground 
for my confidence , and consequently, that though unhappily 
® much time and money have been irrecoverably lost, yet 
that it is of the utmost importance that the subject should 
be thoroughly considered, and, if possible, impartially ex- 
amined, that we mey see if by the introductien of this 
system thesproject may not ygt be rescued from its present 
acknowledged unsatisfactory state—unsatisfactory not only 
"in respect of money returns to Government, but of the 
security of the works, and even their effectiveness in respect 
of supply of water and of navigation. , 
There is something unaccountably curious in the fuss 
that has been made about this simple and petty work—the 
Ganges Weir. If one of our Madras officers, who had only 
a few years’ experience in such works, had been sent there, 
jt would not have been a moment's question with him whe- 
ther he ought to have entangled himself with the Sewalik 
streams, or to have begun clear of all difficulties below the 
confluence of the Solani. e would have seen at the first 
glance that there was not a shadow of a difficulty about a 
weir in such a sitiation; nor would ge have thought for 
a moment of fetching water for the irrigation of the land 
round Cawnpore from a height of 600 feet above it, and a 
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distance of 350 miles, wher he could have got it within 50 
miles. After seeing a river of 200 million cubic yards per 
hour, and 80 feet deep controlled withoyt any extraordinary 
difficulty, excepting that arising from the great dxtent of * 
the work, and costing only 85,0001:; how could he ‘have 
htsitated or imagined any @ifficulty with one of perhaps 
80 million cubic yards and 14 feet deep, and how could he 
have thought of going 300 miles farther up the river for 
water. A weir to discharge 80 million cubic yards even if 
it cost four times as much in proportion as the Godavery 
‘Weir, would only require 50,0000. ; and a canal of 50 miles, 
to carry suppose a million cubic yards per hour, would not 
‘cost above 10001. a mile, itcluding masonry works, or 
50,0002. more, and this 100,000/. would have ‘provided for 
the irrigation of half a million acres, or at the rate of 2 
rupees an acre for the cost of the head-wotks, to which 
would have to be added the cost of distribution, navigation, 
&c. In this way the water for the land near Caynpore 
might have been brought from the Ganges at a point only 
50 miles distant from it. ; 

In thus discussing a great public question it cannot be 
but.that personal feelings may be greatly disturbed, but I 
‘must insist upon the absolute necessity of bringing forward» 
as clearly and forcibly as I possibly can, what I consider . 
the true state of the case, though in so doing I must neces- 
sarily write many things which, if it were only a personal 
question, might be left unsaid, and therefore ought to be. 
For anything that I have said that seems‘r needlessly annoy- 
ing, I do most earnestly apologize ; put what public duty 
really requires neetls no apology. : 

Originating with native Engineers, we have carried out a 
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body in that Presidency, black and white, civilian and 
Engineer, and even the India Office authorities themselves 
—though the bias there, so far as it goes, excepting on the 
part of one or two individuals, is entirely against the 
Madras Engineers, the professional members of the Council 
being Bengal officers— hase been eminently successful. 
. There is not the shadow of a question about this. It has 
pleased God so to prosper our works there, that this point is 
decided. The increase of revenue in the one district of 
Godavery alone, is about } million; and there is every 
reason to believe thgt if will nearly or quite double that, 
when the works are completed, and the water-rate levied on 
the whole of the lands. Jf only the additional revenue 
already realized there were extended by the same means to 
20 districts out of 180, both the Income and the Salt Taxes 
might be abGlished, and a feeling in favour of our Govern- 
ment thereby created, both in the upper classes and in 
the great mass of the people, the effect of which in every 
salutary way it is really impossible t6 estimate. I cannot 
express the satisfaction 1 have in this discussion, having 
the eee confidence that though perhaps not immediately, 
becausd“i it necessarily produces at present considerable irri- 
tation, yet before very long it will greatly forward the cause 
of irrigation and navigation in India. There is a saying, 
“save me from my friends ;” and so, on the other hand, we 
may just as truly say, “commend me to my enemies * or, 
as it is so exquisitely expressed, “Oh, that my enemy had 
written a book!” ‘ No friends could possibly have done for “ 
me what my present opponent has done. He has not only 
given me an opportunity of answering the things which are 
hanging about the minds of niany who have no practical 
acquaintance with the subject of weirs, irrigation, and 
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navigation, but has given me access to numbers who 
would have cared nothing otherwise about such a matter, 


_ and so brought about, legitimate discussion, from which 


great good must result: 

We may fairly expect that before very long we shall have 
a financier for India capable Df understanding this simple 
proposition, that what has added a quarter of a million to 
the revenue of one district, not only without producing 
irritation amongst the people, but just the opposite, intense . 
satisfaction, is worthy of consideration, and affords a pros- * 
pect to the manager of those mattem that no cunningly. 
devised tax could possibly do. May we not fairly hope 
that before long some wonderfel genius will | appear ‘on the 
scene who will be able to comprehend even “this, that the 
old olniny plan of new taxes ought to give place to this 
incomparably superior operation of first giving the people 
one or two millions increase of income, and then out of that 
receiving a quarter of a million, especially when it produces 


‘a multitude of other benefits, without one drawback? But 


even in the present state of things, with the power of the 
great thay of official people against it, the whole scheme of. 
regulating the waters of India is making good progress. 
The works ‘now actually in hand are calculated to irrigate 
nearly 10 millions of acres, and to provide with navigation 
about 50,000 square miles, and a population of perhaps 20 
millions, so that some real impression is being made. All 
this has taken place without one statesman or financier 
having yet appeared who was able so to comprehend the 


~ bearing of this question on the well-being of Indiaas to 


heartily adopt the undertaking, and take it up as a great 
and fundamental objeet. It has made its way bit by bit, 
as it was forced upon the authorities by this or that 
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subordinate officer, or by the two struggling Irrigation. 
Companies. But should somé one come forward in a com- 
manding position, who is capable of comprehending the 
subject, and who should take the trouble to master it, and 
boldly take up the scheme of the regulation of the waters of 
India as a whole, especially by English companies, he well 
most assuredly acquire such a name as no other ruler or 
° 4nancier in India has ever acquired, if God is pleased to 
forward ‘his labours. A fact it is, whether mén choose to 
ignore it or not, that the Madras system has produced 
effects upon the prosperity of all the districts where it has 
been tried far beyond what anything else has done, apd the 
" system-is most assuredly capable of universal application in 
India. Nothing but mischief can result from the refusal to’ 
acknowledge this fact, that .of all the districts ‘of*India, 
Tanjore, Gédavery, and Kistnah alone have made this 
astounding progress in reventie, without the oppression of 
the people, but, on the contrary, a vast increase of the 
wealth of the whole population—and no ingenuity can get 
“rid of this fact. The only wisdom is heartily to acknow- 
ledge it," examine it thoroughly, ascertain the cais@, and 
then without:bias consider to what other parts of India the 
system is applicable. I insist that it is no boasting, but 
the palpable truth, that nobody has had so long experience 
in these works as I have, and therefore that no one has a 
better right to an opinion on this point; and my opinion is, 
that the whole plain of the Ganges hag greater advantages 
for such works than any of the districts in which the system 
has alréady been tried ; that the natural difficulties: are less 
than those in- Madras; while there isno comparison between 
the two as to the extent of trafic which would be produced. 
There can be no comparison in this respect between isolated 
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patches, as thé improved Madras districts are, and & system 
of cheap transit extending over a length of 1000 miles, and 
uniting ‘a population of, some 50 millions with each other, 
and with foreign ports. I must again express my assurance 
that this discussion will have immense effects, that while a 
few'are too far committed to the system that has failed to 
produce direct returns, to cease to try and prevent the real 
state of the case from appearing, a far greater number, less 
under the influence of bias, will be toa reat extent con- 
vinced by it of the soundness of a system which has been 
entirely successful, and that thus “thare will be a palpable. 
weakening of the opposition that has hitherto existed” 
against the agency that has been raised up, and which 
has proved itself capable of comprehending and carrying 
out thege Roble works on a scale worthy of them and of 
England. o 

* The late Lord Canning, towards the close of his adminis- 
tration, began to view this, to India, all-important matter in 
a true statesmanlike and impartial manner; and so also 
did several members of his Council, “and these were well 
support€d” by Colonel Yule, who then most ably performed 
the duties of Chief Secretary to the Government of India 
in the D. P. W.; and it is with great pleasure that I 
transcribe —.in support of this statement, and for the 
purpose of showing that the true nature of the Madras 
system of irrigation works was then candidly acknowledged 
at Calcutta—the following “paragraphs from a despatch of 
the Government of India immediately before the departure 
of his lordship for England, relating to a proposed scheme 
of Irrigation Works in Behar, which that Government 
were anxious should .be taken up by the East India Irriga- 
tion and Canal Company:— 
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“We have long regarded this great schémeé as che of 
“all others in India to which private capital should be 
“ invited. : ; 

“ There is this advantage in Government taking the in- 
* itiative in planning.the great works of the country, that 
€ they ate so placed before the public that they can be 

“ discussed in the light of local knowledge and experience. 
“ The only drawback to doing this is the risk of misleading 
“ capitalists and raising mistrusts of such investments. | 

“In the present instance no such risk need be appre- 
“ honded, for there is evident’throughout Colonel Dickens's 
“ Report a most corficientious endeavour to anticipate the 


“ fnaximum cost of the work. 
* * *  * * * 


“ We have frequently pressed upon Her Majesty’s Go- 
“ vernment our views regarding the distribution of profits 
“ derived from irrigation works constructed by joint-stock _ 
“companies. This subject was a prominent one in our 
“ Jate eprrespondence regarding the East India Irrigation 
“ Company, and we: then repeated our conviction that the 
e determination of a liberal maximum of profit beyond 
“ which a division should take place, is the right principle 
“to work on—a principle whereby the proprietary right 
“of Government in the public waters of rivers is recog- 
« nised, and its equitable rent of those waters secured. 

“To apply the above principle to the particular case 
“ under consideration, we observe that the estimated re- 
“turns of the work amount to 82 per cent, on the outlay. 
“ This at least is the return ultimately looked for by 
“Colonel Dickens, but it will be of slow growth if the 
“work should be at once carried out on the permanent 
“design. But our belief is that.the first cost of the work 
“might be considerably, reduced by working’ more on the 
“ Madras system of dispensing with permanent bridges, and 
“ other costly works at frst’; and we may remark, that 
“the first step of the person appointed to undertake the 
“work should be the study of the Kistnah and Godavery 
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“ Works on the spot. There is no doubt that a revenue 
“has been initiated by these works with much smaller 
“ means than in the irrigation works of the North-Western 
« Provinces, ‘where ad reyenue has been realized until the 
“ expenditure had gone on for yeara, and the heaviest ma- 
“ sonry works had been completed, Oelonel Ditkens does 
‘nat propose this in his scheme of gradual exeeafion ; but-we 
“are inclined to believe that it could be-carried much 
“ farther, and on this we shall obtain the views.of officers of 
“ experience in the Madras Delia Works, whose opinion will 


* be valuable. bg 
“ (Signed) CANNING, * 9 R. Narrer. 
H. B. E. Frere, 8. Laine, 
. C. Brapon. W. Napier.” 
4 


This was, indeed, a step in the right direction, and one . 
which all wh desire to make India prosperous must fervently 
desite.to see promptly and liberally developed. 4 

As matters now stand, my main propositions for the rescue 
of this important work—the Ganges Canal—are—Ist. To 
construct a weir with a new head for the canal somewliere 
below the confluence of the Solani. 2nd. To admit only 3 or 
4 feet of water by the present head, so asto keep the current, 
down to 3000 yards, such as the hed and works can bear 
Brd. To diminish the fall in the lower part of the canal by 
"additional weirs, and thus to allow of the canal being" filled 
to a greater depth. 4th. To build new stone wéirs out of 
the line of the canal, of a moderate length, instead of the 
preset ones. 5th. To correct the defects of the navigation 
by an additional arch to every bridge, and by additional 
locks where necessary, &¢., as detailed in my former papers. 
6th. To construct an additional weir on each of the rivers, 
200 or 300 miles. below the present head, 80 as 3 to throw. a 
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extend the canal to Allahabad, and by aqueducts to con- 
néct it with the proposed canals both in Oudh and South 
of the Ganges. These are the mein points I recommend. 
T have not the least doubt that if these, works are carried 
out by e&perienced officers—and by this, I mean officers 
who have had actual experience in weirs, &c. —that* the 
whole project. may be put in a thoroughly effective state in 
every respect, in respect of sécurity, of profits, of naviga- 
tion, of forming part of a gengral scheme, &c. ; and that 
thus an immense and permanent benefit will accrue to the 
country. 

Having thus, as I insist, replied to every, part of Sir 
Proby Cautley’s Disquisition that really bears upon the 
question, I have only to call the attention of my readers to 
the fact that, while Sir Proby has endeavoured to, meet the 
argument? ‘I have used in a few points, he has not even at- 
tempted to answer five-sixths of what I have written, which 
is qf course an acknowledgment thdt he could not do so ; for 
it is impossible to avoid the conclusion from the tenor of 
. his paper that if he could havo found any other points which 
appeared to him to offer the smallest hopes of 9 successful 
attack, he would not have failed to try his strength upon 


wes 

faving thus said all that I believe to be necessary by 
way of reply to Sir Proby Cautley, I feel it to be an impor- 
tant duty incumbent upon me to add a few words of warning 
with reference to the present and future treatment of the 
Ganges Canal. I have reason to believe that it is still de- 
termined to try and patch up this important work upon the 
system which has been already so thoroughly tried, and 
has so seriously failed, without calling for the opinion 
of Engineers who have had experience in the successful 
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Madras system of weirs, &c. It seems thet the sound sense 
expressed by Lord Canning, his Council, and his Engineer- 
Secretary, in the despatch I have before quoted, has again 
been renounted, and“tBe Government of India have fallen 
back ‘once more upon the old Bengal views. This is a ter- 
tible disappointment to those who hailed the despatch as 
the commencement of a really wise policy. I fear much that 
we must now look for and expect the loss of two or three more 
years, of some hundreds of thousands of pounds, of perhaps 
some mpre hundreds of thcusands of lives by famino, and of 
an enormous amount of prestige, before those to whom the 
public. works in India are now intrusted. will consent t7~ 
undergo what they must ultimately be brought to—an 
acknowledgment that the system so long and expensively 
- adhered toy has really failed, and that the Madras system 
has been signally successful, is capable of uniyersal appli- 
cation, und must be adopted throughout India, and espe- 
cially upon the Ganges Canal. As the officer who from 
having had the longest experience in the Madras sy3tem, 
has the best right, and indeed, is in duty bound to do so, 
I now protest against such obstinate persistence in waste of 
time and money, such trifling with the lives of the people 
and the general well-being of India. 

Should another famine occur, end it is quite probable, 
before the only really effectual means are adopted for the 
effective completion of the irrigation and navigation of this 
tract, what will be the feelings of those who have thus re- 
fused even to call for the opinions of Madras officers, 
according to the determination expressed by Lord Canning’s 
Government—“ We shall obtain the views of officers of ex- 
“ perience in the Madras Delta Works?” If, as I think it 


geems nrohahle an attemnt iata he made tn hnild a weir at 
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Hurdwar, I urge that I have given abondant reasons in these 
papers to show that Hurdwar is not the proper site for such 
a work, bat that an Anicut ought certainly do be built 
below the Solani, though how marly failes below I cannot 
give an opinion, as it would require ‘detailed examination to 
enable me to do so. But J must also express my doybt 
as to'there being any officer at present: omploged upon the 
Ganges Canal who is sufficiently qualified to be entrusted 
with the building of a weir at all. Such a work’ can’ no 
more be done by instinct than*¢an the cutting off of a 
limb, and to employ offers on it who are entirely without 
“xperience in such works, when those who have it are avail- 
ablg,'it is quite certnin is nothing less than a dereliction of 
duty. It is evident from sir Proby Cautley’s.“ Disquisition” 
that he does not understand the subject of weirs, shat he has 
not even theoretically made himself acquainted with the 
subject, and d can positively affirm the same of the officers 
whom I met on the Ganges Canal; and if they had the 
. theofy it would not be sufficient, as everybody knows, ‘without 
_ practical experience. 11 such*a work is attempted by men 
who,! though wanting, have not sought instruction, I am 
certain that there will be s- great waste of money at all 
events, and I should rather expect that there will be some 
great failures, and then we know what the consequence 
will be; many will say, “We always said that a weir 
“was not such an easy thing in this locality.” I am | 
far from saying that it is an easy thing to those who do not 
know how to do it; nothing is easy to those who have not 
learnt, and will not condescend to be taught. When I say 
that there is no perticular difficulty in the ‘matter, I mean, 
of course, to those who know how to do it. In the per- 
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emphatically protest against all further trifling with this 
most important, but hitherto unfortunate work, against all 
attempts to patch it.up on principles which have so sig- 
nally failed, and-Iu hat all local bias should be at once 
discarded, and the views held forth in Lord Canning’s 
despatch be reverted to, that experienced men be called in, 
the whole question fairly and openly discussed, and measures 
be taken to secure the provision of ample funds, and every- 
thing that is requisite to carry out. the project to effective 
completion ;“ind I assert-that upon this depends at this 
moment,-more than upon anything else, the well-being of 
India, because upon the effective management,of these- 
works depends the prosecution or stoppage of the irrigation 
and navigation, the regutation of the waters of India. The 
entire responsibility now rests upon the Government, of 
that country—they cannot avoid it. They have now the op- 
portunity and the‘power to secure from imminent peril, and 
render it a permanently reproductive and immensely bene- 
ficial'work, an undertaking of great promise, by the adoption 
of proper and pvailable means, and they possess the know- 
ledge that if théy do not exercise this power, the result will 
_ pe further useless expenditure, postponing only for a short 
time the total destruction of the finest and most extensive 
lines of irrigation and navigation yet constructed. * 





THE END. 





“A {REPLY TO“ STATEMENTS, 


ETC. | ETC. 


I nave before me a-pamptlet On Irrigation and Naviga- 
tion in Connection with the. Finances of India, and also a 
Report on the Ganges Canal, both of them written by 
Major-General Sir Arthur Cotton, late Chief Engineer 
of Madras. 

The former consists of an address to the. Galentta 
Chamber of Commerce, May 7, 1863. as 

The latter “is in. uscript, ‘very Kindly lent to me 
by Mr, J. ‘Westwood he secretary of the Hast India 
Trrigation, Company, with permission to print it as an 
appendix fo this paper. It would appear that General 
Cotton, was deputed by the Company to visit the district 
of Behat, and to plan a scheme of works to be executed 
there. Whilst on .this duty, he gppears to have pro- 
ceeded to the Ganges Canal and its works, and subse- 
quently to have drawn up the above Report, showing 
value in cash, expenditure required to place it in perfect 
order, &c., with a view of enabling the. Company to make 
an offer to purchase. A commutication to that effect 
was, as I understand, made to the Supreme Government 
of India. in a letter dated July 27, 1863. A copy of 
Sir A. Cotton’s report yas sent op, the same date, with 
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a letter accompanying it, from Mr. Westwood to Sir 
Charles ‘Brevelyan, Financial Member of the Council of 
the Goverhor-General. : 

To qbtain a perfect understanding of the pamphlet 
so far as it concerns the Ganges Canal works, it is 
necessary to read the report. The pamphlet itself con- 
tains a very imperfect notion of the comprehensive views 
and strictures of the Major-General, and leaves after 
perusal a more favourable impression than is conveyed 
in his report to the East India Trrigation Company. 

Before touching on the subject of either the pamphlet 
or.the report, I must be ‘allowed to observe— 

1. From the date of the Ganges Canal works being 
actively commenced by order of Lord Hardinge in 1847, 
to the period of my leaving India in 1854, the director 
of the works had an unlimited expenditure of money ; 
no check was placed upon this even during the second 
Sikh war. Since 1854, with the exception of that period 
occupigd. by the mutiny and its effects, Government has 
been fally alive t6 the prosecution of the‘vorks and the 
completion of the rajbuhas ;—it-has shown no remiss- 
ness on these points. : 

2. The depth to which the excavation of the canal 
channel has been carzied is stated to have been forced 
upon me by the proceedings of the Medical Committee ! 
No doubt that the committee did, and very wisely too, 
urge the necessity on sanitary grounds of such an arrange- 
ment, but I should have done the same, in all probability, 
had the Medical Committee never existed, and for this 
my reasons will be given hereafter; but as I protest, 
in the first caso, against the Government being accused 
of being the cause of delays which occurred under my 
management of the works, go in this, the second case, 
{ decline being relieved from General Cotton’s disappro- 
bation at the expense of the Medical Committee. 
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8. I take upon myself the whole and undivided 
responsibility of the projection of the works on the 
Ganges Canal. Blame for their defects rests with me 
alone. 

4, My project was especially for irrigation, as the 
calculations for discharge and capacity of channel very 
distinctly show; navigation was entirely subordinate. 
It was an artificial river, in contradistinction to a series 
of still-water reservoirs. Nevertheless, strictures are 
passed on the project as if it had been mainly designed 
for the purposes of navigation ; at least, so the majority 
of readers of the report woul& imagine, and so, I must 
pais T do. 

. General Six Arthur Cotton remarks very justly 

in his pamphlet that, after thirty-five years of active 
employmert on irrigation works at Madras, it is not 
presumptuous in him to give decided opinions on matters 
connected with irrigation. I hope that twenty-nine years 
of my life passed in active employment on works of irriga- 
tion in the North-West Provinces of India maybe con- 
sidered by him as giving me and my opinions some claim 
for consideration. 

With these preliminary observations I now propose 
to take up seriatim the censures conveyed in Sir Arthur 
Cotton’s Report, and reply to the charges of having been 
guilty of the “ greatest fundamental mistakes in the 
“« projection of the Ganges Canal.” 

These are stated to be in number five, the first being 
announced in the following words :— 

‘1. The head of the canal is placed too Ligh up, 
“ above a tract which has a very great and inconvenient 
« fall, and in which there is a very heavy drainage from 
« the sub-Himalayas, across which the canal has to be 
6 parried.”’ 
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first twenty miles of the course of the canal from 
Hurdwar to Roorkee could not have been more expen- 
sive than the construction of a weir across the Ganges 
below the confluence of the Solani.t. He then goes on 
to state that a canal officer had informed him that he 
had taken two levels from the Futtigurh branch to the 
bed of the Ganges, and found it forty feet on each, while 
the fall of country is three feet per mile ;* hence he 
argues that, by establishing a weir over the Ganges, 
and by raising its water ten feet, a canal with » slope 
of six inches per mile would, m the distance of twelve 
miles, lead the water out on the present level of the 
cial.’ The only objection to such an arrangement 
being the want of stone, and the loss to irrigation of 
“that particular little patch of country about Roorkee.” * 

Sir A. Cotton states that, by adopting his plan of 
annicut over the Ganges below the confluence of the 
Solani, seventy lakhs would have been saved, besides all 
the loss and annoyance from the maintenance of so 
many heavy works.’ 

The above is as sweeping a censure as could have 
been well devised; and when one looks at a map, what 
appears more easy than to take a short cut from the 
Ganges below the Solani junction, and to maintain a 
head-water by damming the Ganges ? ; 

Sir A. Cotton remarks, with apparent astonishment, 
that this has not even been discussed in the reports he 
has seen;® and he will be still more astonished when 
he learns that all discussions which have taken place on 
the subject, and all experiments that have been brought 
to bear upon it, have resulted in the inevitable conclusion 
that interference with the river in this part of its course 





* App. p. 49. ? Ibid. 3 Ibid. +P, 50, 
sp si, 6 P, 49, 
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would end in utter failure, and that the works would 
be breached and washed away on the occurrence of the 
first flood. 

An allusion is made by Sir A. Cotton to Colonel 
Baird Smith... The, late Colonel Baird Smith, whose 
acquaintance with the Madras canals is amply displayed 
in his report, published in 1856, by order of the 
Governor-General, ‘ander the title of The Cauveri, Kistna, 
and Godaveri, and who was so closely connected with me 
in the Canal Department of the North-West, and latterly 
on the Ganges Canal, to the charge of which he was 
appointed on my leaving India, in 1854, fully appreciated 
the difference that existed between the engineering dint- 
culties of the Madras deltas and those of the high lands 
of the North-West Provinées, and was quite satisficd 
that the projection of the lines of the latter from the 
shingle, and not from the sandy tracts, was the only 
true and feasible one. 

There is no originality in Sir A. Cotton’s proposal ; 
it is an old and exceedingly natural one: our experience, 
however, in connection with rivers of the nature of the 
Ganges and Jumna has shown that it won’t answer. It 
has been tried in the Jumna, for the Western Jumna 
Canals ; on the last occasion in 1827-28. 

In referring to the report on these canals, printed in 
1849, I find the following :-— 

‘ An attempt was indeed made by Colonel Colvin, in 
«* 1827-28, to establish the canal head on the Jumna, 
“ et Kulsowra, about forty miles below Dadoopoor. The 
“levels would have answered well enough, but the result 
** of the experiment, which was abandoned after the first 
“ year’s operations, was merely to show the difficulty of 
“ establishing such a work on the Jumna, or in a similar 
“stream, after it has left the gravel and entered the 
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“wide and ghifting sandy bed, so characteristic of the 
‘* Himalayan rivers.” 

There is a vast difference between the nature of the 
great Madras rivers on their approach to within sixty 
miles of the ocean, with all their deltaic attributes, and 
the Ganges and Jumna on their debouche from the 
Himalayas, which, at a distance of 1,000 miles from 
the sea, run in valleys considerably depressed below 
the surface of the country, on a rapid slope, and over 
beds of sand of a shifting and treacherous character. 

I will, however, endeavour td show by levels, as far 
as I can at this distance from all papers of reference, 
excepting the Report on the Ganges Canal, how Sir 
A. Cotton’s line would be brought to bear on the high 
lands of the Doab (very inappropriately termed by him 
“Delta ’’). It is necessary that I should fixea starting- 
point from the Ganges below the confluence of the 
Solani, so I take the river at Sookurtal, just below 
Bhokurheri. In referring to the Ganges Canal Report, 
vol. i. p. 19, and to the Atlas, map 63, it will be seen 
that a trial section from a point on the old Ganges, 

“twenty-three miles below Hurdwar, at the villago of 
Badshahpoor, gave the following results :— 
High land near Kumbhera . . . 88 feet) Above lovel of 
7 Bailra . . : » . 68 4 high-water 
” Futtigurh branch head, Jaoli 52 ,, mark at 
High land near Chitowra é + + 42 ,, /Badshahpoor. 
Sookurtal is ten miles lower down the stream of the 
Ganges than Badshahpoor. Giving the lowest estimate 
for the slope on this distance as 1} per mile, we have 
12} feet to add to each of the above numbers, as 
marking the elevation of the high land above the river _ 
at Sookurtal. 

Jaoli, or a point near the Futtigurh branch head, 

is (see Atlas, pl. 4) 115 feet below zero, or the flooring 
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of the roguly¢ bridge at Myapoor. 1154+64}=1793 fect, 
which represents the depression of the bed of the Ganges 
at Sookurtal. 

To descend to the level of 179} fect, the above plate 
in the Atlas shows that we must go as far south on the 
canal as Bhola, or to a point forty-five miles from the 
Ganges at Sookurtal. As Sir A. Cotton fixes his slope 
of channel at three inches per mile, this will require a 
further depression of 11} fect, so that the channel would 
not begin to operate as a linc for irigation until it 
reached Newarri, a tow at the nincty-fourth mile of the 
course of the canal in the neighbourhood of Morad- 
nugeur. aw 

On Sir A. Cotton’s plan of adapting the bed of the 
canal at its departure from the dam or annicut to 
the sameslevel as its sill or wasteboard, the above 
distances would be modified according to the height 
of annicut, whether ten or fifteen feet—if the former, 
to the cighty-sixth ; if the latter, to the cighty-fourth 
mile. 

It would not, therefore, be the patch about Roorkee 
to which the strictures refer, but the whole of the 
Suharunpoor, Muzuffurnuggur, and the greater portion 
of the Meerut districts, that would by this plan be 
deprived of the benefit of irrigation. So long as irriga- 
tion is given to a certain surface of country, it matters, 
perhaps, little to what country that invigation is given ;! 
but as my intention was, and my project was directed to, 
the irrigation of the above three districts, it appears 
rather hard that I should be found fault with for endea- 
vouring to effect it. 

To conclude my remarks on this first of the funda- 
mental mistakes, I can assure Sir A. Cotton that the 
river between the Gurmuhtesur Ghat, 95 miles below 
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Hurdwar, up to the confluence of the Solani, has had its 
due share of attention from me} and it is from having 
given the subject so much attention that my conclusions 
have been arrived at. 

Fundamental mistake No. 2 is thus written :— 

‘¢ 2. The whole canal has been cut so as to carry the 
‘‘ water below the level of the surface, ontailing a vast 
“ unnecessary excavation, and keeping the water below 
“ the level at which it is required for irrigation.” 

That is to say, the writer imagines that, under my 
projection of the work, watercourses were to be taken off 
indiscriminately from-the~main line of the canal, for the 
purpose of irrigating the lands immediately in its vicinity | 
and that, consequently, by deep digging no water for 
irrigation could be procured Without machinery. 

My reply to this is as follows:—The slope of the 
country being much in excess of that of the canal bed, 
tho latter, at certain points, approaches the surface: it 
is from these points that the rajbuhas, or main water- 
course heads, arc taken off. From these points, the 
water consequent on the great slope of country is freely 
delivered over the surface; and as the lines of rajbuhas 
are continued in one connected chain from the upper to 
the lower region of the canal, the water, so far from 
being kept “below the level ‘At which it is required for 
“irrigation,” is delivered, or ought to be delivered, on 
the surface everywhere. 

Experience has shown that in the North-West 
Provinces we cannot, with regard to sanitary discipline, 
maintain a high-water mark above the level of the 
country in the main channel. Water standing on raised 
banks leads to percolation and leakage, with the more 
ruinous contingency of breaches, from the excavations of 
otters, rats, and vermin of this description. We, there- 
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design, but we gain equal benefits to irrigation by a 
judicious disposition of our watercourse heads. The 
following diagram will explain the arrangement. 
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The medical officer (to whom Sir A. Cotton refers at 
page 45 of his Report) is quite innocent of interference 
in the matter, 

I must observe, however, that although on Sir 
A. Cotton’s project and plan of canal making there 
may have been ‘vast unnecessary excavations,” on 
mine the excavations mado have been quite necessary. 
In fact, in a protective point of view, the maintenance Of 
the water in the canal channel as much as possible within 
soil, gives a very effective power of control over the 
supply. 

Had the canal channel been excavated under Sir A. 
Cotton’s orders, the evils of leakage or permeation would 
not have been prevented. 

Generally speaking, the supersoil was good, but by 
no means of a nature impervious to water; occasionally 
it was of a very inferior description. Whether good or 
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depth. The good soil never extended beyond a depth 
of 8 or 10 feet, and was frequently very much less. 
In my original surveys, miles in extent of waste land 
were crossed rich in Asclepias gigantea (Mudar), the 
well-known attendant upon a sandy soil. The sand- 
hills and collections of drift, which are so characteristic 
of the Muzuffurnugeur and Meerut districts on those 
portions through which the canal takes its course, and 
which also abound on the high land and bank of the 
Ganges, from Sookurtal downwards, are all features 
connected with these deposits of sand. Not even the 
most moderate excavations, therefore, could have pre- 
“vented the canal water from coming in contact with 
the sandy substratum ; and as it is on this’ contact that 
the leakage, to which Sir A. Cotton draws attention, 
depends, the evil—no doubt, a great one—could not 
have been ayoided. 

Fundamental mistake No. 8 stands as follows :— 

‘« 3, The whole of the masonry are works of brick, 
“‘ while the most suitable stone for hydraulic works is 
‘procurable in the Sub-Himalayas: this is a most 
‘ inexplicable mistake.” In another part of the paper, 
Sir A. Cotton writes: ‘the excellent stone of Hurdwar;’’? 
and in commencing his strictures, observes-—‘ There is 
‘nothing more inexplicable than this in the whole 
“matter. I cannot find a, word of discussion on this 
‘* point in the published reports on the project.”* 

The strictures convey a sweeping condemnation on 
brick masonry to which I by no means agree; neverthe- 
less, where good stone is to be procured at a reasonable 
price, no man in his senses would select brick. The 
Sewalik sandstone, however, is of very uncertain quality, 
and is attended by beds of conglomerate of a similar 
character. It varies from extreme friability to a crystal- 
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line rock; in all the gradations through which it passes 
it is to be worked without any great difficulty. The 
unequal quality of the stone, however, and the pre- 
ponderance of that of a very inferior order, renders it 
a somewhat dangerous, material to be introduced on 
public works. The town of Hurdwar and Kunkhul, the 
ruing of Badshahmuhal on the Jumna, those on the left 
of the Ganges, and numerous tombs and mosques in the 
vicinity of the hills, are built with this stone. The 
stone that is used is procured 4t considerable expense 
and with great difficulty ;* hard portions are selected at 
distant and detached points out’of masses of the softer 
rock, and brought to Hurdwar and Kunkhul for the use or 
the stonecutters. As a rule, however, the Sewalik sand- 
stone: is notoriously inferior as a material for building. 
Stone of thesquality that I should have selected (some of 
which has been used in the Myapoor Regulating Bridge) 
was much too expensive; and as my estimate of brick 
masonry is of a more sanguine nature than that of Sir 
A. Cotton, the heavy expense that the use of good 
Sewalik stone for the masonry, or even for the floorings 
and walls of the falls and locks, would have entailed 
upon the works, determined me on the use of brick. 
With reference to the above, I may quote paragraph 
No. 70 of Colonel Turnbull’s Report on the Permanent 
Head Works Ganges Canal, November, 1862. Colonel 
Turnbull writes: ‘‘ Some time before Colonel Rundall’s 
“ yisit to the head-works, Mr. Login was directed to 
* explore the neighbouring hills at Hurdwar!or the 
“ yery hard, heavy conglomerate adverted to in his 
“ yeport: and having done so, in company with the 
“ professor of geology in the Civil Engincer College of 
“ Roorkee, Mr. H. B. Medlicott, he ascertained that 
“such stone“is only to be found in detached masses 
alone the hill-side. or in irreeular deposits, where it 
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“Hes in its bed, and that the rock adjoining it was 
“quite unfitted for the proposed work nearer than ten 
“miles from its site. That the gradient for a tramway 
‘to connect the works with the hills would be 1 in 
13 feet, and that, therefore, quarried stone of 8 to 
* 8 tons weight, as proposed by Colonel Rundall, could 
‘not be placed upon the works at less than 8 qnnas 
“ per foot.” 

From what I hear, the reason why brick masonry 
has failed in the falls (or weirs, as designated by Sir 
A. Cotton) is, that a pressure of water has been brought 

_to bear upon the floorings of a nature far beyond what 
T corttemplated ; and I have the best authority for assert- 
ing that even in these cases the general character of the 
brickwork has been proof against the most exaggerated 
action of the water. Failure has been ittendant on 
badly-construsted work. I am quite willing to agree 
with Sir A. Cotton that stone is better than brick, ag 
a general rule, but I would prefer good brick to stone of 
doubtful quality. 

Sir A. Cotton is mistaken in supposing that the 
boulders (or pebbles to which he refers‘) found in the bed 
of the Ganges and its tributaries have met with the fate 
that he bewails for the sandstone. I have always been a 
great advocate for the use of this material, having had 
hefore my eyes the gigantic ruins of Badshahmuhal, and 
the river-face of that palace, the substructure of which 
was built of boulders (huge masses of this species of 
masonry, having been undermined, lie prostrate in the 
bed of the river). A great portion of the solid work of 
most of the canal buildings in the Khadir have been 
constructed with this material, whilst the limestone 
boulders have subscribed to the limit of their extent 
to the mortar. 
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The implication that every useful material has been 
rejected and neglected by me in the construction of 
the works, is, to say the least of it, not very com- 
plimentary. 

Fundamental mistake No. 4 is worded as follows :— 

‘4, The whole of the water is admitted at the head, 
‘* so that some of it is conveyed 350 miles to the land it 
‘‘irrigates, while it might have been obtained at a 
“ sufficient level, atadistance, say, of 50 or 100 miles.” 

With the strictures conveyed in the first fandamental 
mistake, Sir A. Cotton states that at two different points 
on the Ganges, he has been infotmed that the difference_ 
between the level of river-bed and high land is 40 feet. 
He then attempts to show how, by carrying a canal for 
12} miles, with a slope of 6 inches per mile, he could, 
by an annicut or dam of 10 feet clevation, supply water 
for irrigation on surface levels.! He now, under the head 
of his fourth fundamental mistake, illustrates his argu- 
ment by an imaginary case, where the back-bone of the 
Doab (or delta, as he calls it) is 50 feet above the bed of 
the river, where his dam or annicut is raised 15 fect, and 
where the slope of the canal channel is 3 inches per mile.* 

Thus :-— 


Total difference of level between river and land 50 fect. 
Height gained by weir 5 oy 


1 
3 


oe 


Ditto, by canal having a less slope than the 
land by 1} foot per mile, 28 miles, at 1} = 385 


In both these cases, it will be observed that the sito 
of the wasteboard of the dam or annicut, whether in that 
of 10 feet elevation or in that of 15 feet, and the bed 
of the canal at the point of departure, are on one and 
the same level. Sir A. Cotton, I presume, therefore, to 





1 Pp 49. ~ 2p 2. 
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obtain a water supply, contemplates some additional 
elevation raised on the top of his annicut. The above 
two examples are intended to show the absurdity of my 
proceeding for a canal head to Hurdwar, when a supply 
could so easily have been procured from points so much 
more accessible. On the 50 fect difference of level 
(illustration just given) he estimates the cost of the 
annicut over the Ganges at 5 laks of rupees, and gocs 
into detail of the enormous saving that his plan would 
have effected. e states, ‘ that in this case, therefore, 
‘instead of bringing the watet, suppose 250 miles from 
‘¢ Hurdwar to 100 milts above Cawnpoor, it would only 

“have been conveyed 28 miles, and there would have 
“Deen a saving of 225 miles of canal against the 
“ construction of a weir. The cost of the latter might 
“be 5 laks, and that of an cxcavation ofp suppose, 50 
‘square yards of section, say, at 1} anna per yard, 
“or 9,000 rupees a mile, would be, for 225 miles, 
* 20 laks.”? I understand from the above, which is not 
very clear, that Sir A. Cotton proposes to terminate his 
28-miles cut at a point 250 miles below Hurdwar ; 
that he estimates the cost of a dam over the Ganges 
at 5 laks of rupecs; and that, having deducted the 
28 miles of his excavation from the 250 of mine, 
he places the cost of the dam against my 225 
(250—28=222?) miles of excavation, the one being 
5 laks and the other 20! What can be the meaning of 
this ? If heintends to start from the 250 miles, thereby 
saving all the money expended up to that point in my 
project, he must place the difference of cost paid in 
juxtaposition. For instance,— 


Sir A. Cotton’s dam. : . 5 laks. 
Cost of eatting of canal from dam to the end 
of the 28th mile (or to my 250th mile). ? 
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These two items must be set against the cost of my 
works from the head to the 250th mile, 

The irrigation of the whole of thejands above this 
point would, of course, be thrown out; but General 
Cotton points out this advantage in so doing—* It would 
“ provide fora large additional supply of water beyond 
“‘ what could be obtained from the present head, for it 
“ would secure the water draining out of the sands of the 
“ river on this 225 miles, besides any flowing into it from 
“ the small affluents that water the river in that space.””! 

“The same might be done with the Jumna,” he goes 
on to say, “and thus, at a small.zost, three or four times 
* the land might be irrigated that is at present provided” 
“for. Probably, one or two such additional heads for 
- “each of the rivers, Ganges“and Jumna, might be cut 
‘* with advantage.” ? 

Sir A. Cotton’s language is obscure, and I may 
possibly misunderstand him ; but there is no questioning 
the fact that the object that I wished to attain of irrigat- 
ing certain districts is entirely ignored, and a project of 
his own is made the vehicle for strictures on mine. It 
is unnecessary to recapitulate my objections to Sir A. 
Cotton’s schemes; these are stated in my reply to his 
first fundamental mistake. It will be found more easy 
fo propose weirs and dams on the sandy tracts of the 
Ganges and Jumna than to execute them. 

The fifth and last fundamental mistake is as follows:— 

«*5, There is no permanent dam across the river at 
“the head of the canal, so as to secure the supply of 
‘‘ water, but temporary works are thrown up after every 
‘* monsoon, which are liable to be swept away, and have 
“been swept away at the very time when they are most 
** wanted.” 

In the canals in the North-West Provinces, the 


‘Pp, 54, 2 Thid. 
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supply for which is drawn from tho great rivers at their 
debouche from the mountains, this supply is obtained in 
the manner noticed by Sir A. Cotton, viz., by temporary 
spurs and dams thrown out into the main river. No 
doubt that this is a very imperfect method of securing 
the object in view; but if successful, as it has been on 
the Jumna, the device is, at any rate, an economical 
one. Even on the Ganges Canal, the annual cost,esti- 
mated at 20,000 rupees (which represents a capital of 
4 laks), is economical, as far as the mere work is cone 
eerned. In adopting this course on the Ganges Canal, 
“however, and being guided by experience gained on the 
“Jumna, I was by no means satisfied that, in dealing 
with such large masses of water, works of a more per- 
manent nature would rot ultimately be called for. 
This was a matter left to be determined hy experience. 
I am not in the habit of jumping at conclusions, and 
putting the “Government to expenses which are not 
proved to be necessary; and I, therefore, left. this 
“fundamental mistake” to be corrected by my succes- 
sors, whose observations on tho difficulty, or otherwise, 
of maintaining thé“supply by the usual method adopted 
in these provinces, would lead them ultimately to arrive 
at satisfactory conclusions, The question, however, of 
throwing a permanent dam or annicut over the Ganges at 
the point desired is, by no means, so simple as Sir A. 
Cotton imagines. His experience, great as it is, is con- 
nected with rivers of an entirely different description to 
that of the Ganges in its debouche from the Sewaliks. 
Here we have heavy slopes with large masses of water 
pouring down with overwhelming violence; there he has 
much larger bodies of water, but on very much smaller 
slopes in connection with a true delta. Sir A. Cotton 
gives the following statement of discharges :'— 
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Ganges é + 25,000,000 cubic yards per hour. 
Godaveri . - « 200,000,000 n 
Kisnz. . . 160,000,000 45 


Or, translated into cubic feet per second— 


Ganges . : * 187,500 cubic feet per second. 
Godaveri . « »” 1,500,000 a 
: Kistna . F + 1,200,000 ” 


And states that the construction of the dam over the 
Ganges, at the level head, ‘‘is still put off, apparently 
‘under the strangest fancy that such a work*is one 
“of most serious difficulty, though it is nothing to 
‘the works of the kind that dave been executed in 
‘* Madras.” 

I am not at all satisfied with arbitrary statements of 
‘millions of cubic yards per Hour,” without knowing on 
what they are based. It is possible that the amount of 
discharge during the monsoon, at ‘the point where the 
permanent dam at the Ganges Canal head is to be built, 
may be correct. Nevertheless, small as this is in com- 
parison with those stated by Sir A. Cotton, as appertain- 
ing to the Godaveri and Kistna, the Ganges has a slope 
‘of bed far beyond its Madras compeers. This slope 
makes all the difference; ond although I believe a per- 
manent dam may be constructed without fear, and I have 
no doubt that if it is so it will be of infinite benefit to 
the canal, and of great relief to the mind of the 
enginecr, the cost of the work will be, not as Sir A. 
Cotton states,’ 80,0007. or 40,000/., but, as estimated by 
the officers on the spot, at nearly double that sum; and, 
if cut stone is used, as demanded by Sir A. Cotton, the 
work will cost very much more. The Ganges, moreover, 
will not quietly submit to discipline of the nature pro- 
posed, and breaches will annually occur at points not 
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very easily to be approached. Although, therefore, I 
admit that a permanent dam is desirable, and that the 
annual expenses that this will entail are far preferable 
to interruption to the canal supply, I consider that we 
have used a wise discretion in not calling upon the 
Government to spend large sums of money without 
having ascertained beforehand the positive necessity for 
80 doing. . 

This concludes my remarks on the five fundamental 
mistakes, or, as Sir Arthur Cotton calls them, the greatest 
fundamental mistakes in the project. 

I shall now proceed to reply seriatim to the different 
“minor mistakes of which Sir Arthur Cotton notes fourteen, 
prefacing them with the following paragraph :— 

“But besides these fundamental mistakes in the 
‘ projection, there are the following minor, but: still 
“important ones :”’— 

Minor mistake No. 1.—* All the weirs are made of 
‘a length corresponding with the full breadth of the 
“canal, while they need not and ought not to have 
“been more than one-third of that length, entailing a 
“ more than double expense in their construction, besides 
“ other destructive evils which will be more fully ex- 
‘ plained.” This is a question so intimately connected 
with ‘No. 4 Minor Mistake,” that deals with the slope 
of the canal bed, that I shall merely remark that the 
breadth of the falls is considerably more than the breadth 
of the canal channel. In the larger falls there are eight 
openings or water-ways of 25 feet each; each opening 
has arrangements at the upper level or sill for the appli- 
cation of planks or sleepers to a depth or height of 7 feet. 
The fall on the lower face is divided into four chambers 
by walls, so that in the event of repair being required to 
a chamber flooring, the object can be effected by closing 


as 
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power of opening and closing these upper water-ways by 
sleepers gives the means of regulating the passage of 
water on the falls, and of guarding an injured chamber 
against further injury. The design contemplated not 
only great strength to overcome the effects of such large 
masses of water, but ample means for providing against 
accident by the separate chambers. Sir A. Cotton 
observes that the breadth might have been reduced to 
one-third,' and that the works have cost more thar twice 
what they ought to have done.* A water-way of 66 feet 
in width (or one-third of the dimensions given) would 
have been a somewhat confined passage for so large a- 
volume of water, laying aside the fact that we should 
have been deprived, under sugh a width, of alternative 
channels, and of the means of maintaining the canal 
supply should any accident happen to the work. More 
will be said on the subject of these falls when I discuss 
the question of the slope of bed. 

Minor mistake No. 2.— These weirs (falls) are placed 
“on the direct line“of the canal, while tho navigation 
‘lines and the locks are placed out of the direct line, 
“thus compelling the whole of the traffic to go round 
“ instead of the irrigation water.” 

I understand by this that Sir A. Cotton would have 
given a turn to the main canal at each fall, and allowed 
the navigable channel to proceed in the straight direction. 
In other words, the main body of the water would have 
been made subordinate to a little channel. Sir Arthur 
Cotton writes after this fashion in disapproving of my 
plan :—‘ There is no reason for-this, the navigation 
‘was the thing to be cared for; it was a matter of 
‘no consequence that the water should be led round 
“ by a circuitous route,”* &e. The simple consequence 
of leading large masses of water round an object, or 
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turning them from their course, is to lead to very serious 
action upon the chanriel. At any rate, I have no doubt 
that the plan adopted was the proper one—viz., to carry 
the main channel and large body of water direct, with 
the navigable channel, or small body, in the circuit. 
Sir A. Cotton goes on to say, “that the boats now have 
‘to get out of the current which leads direct te the 
“weirs, and to turn into the side channel, and, of 
“course, not without danger. Some boats have thus 
** been carried over the falls, and several lives have been 
‘ lost.”! Had Sir A. Cotton referred to my report, and 
- to the plans that accompanied it, he would have found in 
the former at pp. 297, 311, 312, vol. ii., and in the latter 
at plan No. 30, also p. 804, vol. i., that full attention 
had been given by me to the danger to which he refers. 
It would have been impossible, had my project been 
followed,“for ‘either boats, rafts, or anything else, to go 
over the falls; the bridge of boats, for which arrange- 
ments were made in the permanent buildings on the 
right and left of the main channel below the mouth of 
the navigable line, would, had they been in position, 
have prevented accident. The loss of life, and the 
absence of these boat-bridges, are facts which are en- 
tirely new to me. 

Minor mistake No. 38.—‘ The whole cut has too great 
“9, fall in its bed—from 15 to 12 inches per mile— 
which, with a depth of 10 feet which it was intended 
to have, gives a current of 2} or 23 miles an hour, 
‘¢ which is too much both for the bed and banks of the 
‘* canal and also for effective navigation.” 

Sir Arthur Cotton considers the above as a “ minor, 
although important mistake,” whereas it ought to have 
been placed at the head of his great fundamental ones. 
Upon it has depended not only the interruption to irriga- 
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tion but the injury to the masonry falls, the constant 
repair of which has led to repeated stoppages of the 
supply, at times, unfortunately, when irrigation was most 
demanded. Sir A. Cotton has indorsed the view taken 
by the public press, that the great depth of ‘excavation of 
the canal channel was the cause of difficulty in working 
the ganal for irrigation; whereas he must have well 
known, by visiting the works, that the want of irrigation 
was. caused by the want of water, arising from the frequent 
stoppages to the supply, for the purpose of repairing the 
falls. 

T have no hesitation in admitting that, with so large 
a volume of water running at such great depths, I have 
projected the canal bed on tgo heavy a slope; it has 
been the cause of all the disasters which have occurred, 
the source of constant anxiety, and it has brought the 
canal into a position which in all probability is not 
exaggerated by Sir A. Cotton. 

In self-defence, however, I must explain both to the 
readers of the Pamphlet and the Report, that the pro- 
jection of the slope of 15 inches per mile was determined 
on reasonable grounds, viz., that high as the slope was, 
artificial means might be applied so as to render the 
effects arising from it innocuous. The means which“I 
adopted were, strengthening the floorings and tails of 
bridges by heavy and extensive boulder-work, and by 
reducing the evil to a minimum by offering as many 
checks as possible to retrogression of levels (Ganges Canal 
Report, vol. ii. p.158). These artificial means have entirely 
failed, and the consequence has been that the great “slope. 
given to the canal bed has acted in its fullest effect. 

I must now explain the principles on which my line 
of action was determined. In calculating the area of a 
section required for the carriage of a given quantity of 
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the alternative of a narrow channel with a rapid slope, or 
a wide channel with a small slope. The first may be 
maintained by artificial expedients, the latter is inde- 
pendent of them ; the first can be constructed at a mode- 
rate cost, the latter at a very high one. For instance, 
in the case of the Ganges Canal from the Roorkee bridge 
to the Bolundshuhur branch-head, say a distance of 
91 miles, the slope of country is 177% feet; by the 
projection of slope which I gave to the canal bed of 
15 inches per mile, I obtained an open canal, with a 
moderately wide excavation, with a superfluous fall of 
64 feet, which was overcome by eight falls of 8 fect 
each. The same line projected on a low slope, say that 
determined by Sir A. Cotton of 3 inches per mile, would 
demand an excavated channel of much greater width, 
with a superfluous fall of 155 feet, to be disposed of by 
masonry descents, so that the difference in cost of the low 
and the high slope would be enormous. I allude to the 
above arrangements with reference to the channel, with 
no intention of excusing myself, but to show that the 
Grounds on which I acted were reasonable. 

We have never before dealt with such large masses 
of water in irrigation canals where @ constantly running 
stream is indispensable. It is with these large masses 
that our difficulties have arisen. I see no remark in 
Sir A. Cotion’s report tending to show that he looked 
upon them as affecting the project ; so far from it, that 
he proposes* a depth of 18 feet of water without the 
slightest hesitation, and without the most distant idea of 
having difficulty in dealing with it. 

From what I have said above there will be no diffi- 
culty in understanding that the action on the falls 
depends on the current obtained from the rapid slope of 
the bed: take away that ranid slone. and the evil eeagad. 
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The method which I adopted of dividing the head of the 
fails into eight separate bays of 25 feet each, with grooves 
adapted to the establishment of sleepers, offered the 
means of reducing the width of tho water in its passage 
over the falls to a dimension less even than that demanded 
by Sir A. Cotton. 

I, look to the improved plan of falls adopted in the 
Baree Doab Canals, rather than to the weak projections 
of Sir Arthur Cotton. I believe that the fall in the 
form of an ogee which I have“adopted requires modifi- 
cation, and I have no doubt that this will be made 
with due consideration to the masses of water with 
which we have to contend. With regard to the use of 
slabs of stone on the floorings in substitution of brick 
on edge, the only objection is expense. The country 
below Roorkée is far distant from quarrics, and the cost 
of stone will be very heavy; nevertheless, Fwould recom- 
mend stone, and, if procurable, slabs from the quartz 
rock of Delhi. 

In closing this part of the subject, and in referring to’ 
the falls and their brick floorings, to which Sir A. Cotton 
objects so strongly,’ I must observe that to remedy the 
defect of heavy slopes, sleepers or planks, to which I 
have before alluded, have been permanently established 
at the heads of the falls, so as to reduce the slope above 
stream.” This remedy, while averting one danger, has 
given birth to another not less serious. “The increased 
head-water has severely tried the works, and some of 
them have given infinite trouble and anxiety. No doubt 
that badly executed masonry work has been brought into 
prominent relief, and that those works with bad brick 
masonry have suffered ; but if there were no other mark 
that Sir A. Cotton’s condemnation of brickwork is too 
sweeping. it would be shown by the fact that where nre- 


26 


cisely similar falls have been well built, they have stood 
uninjured. : : 

Minor mistake No. 4.— The canal has been ter- 
‘ minated at Cawnpoor instead of being carried on 120 
“ miles to Allahabad, where the dumna and Ganges and 
“ the river navigation begin to be effective throughout 
“ the year.” 

As my project was for the irrigation of the Doab as 
far south as Cawnpoor and the districts lying parallel, 
a navigable line to Allahabad has not much to say 
to it. a 

Minor mistake No. 5.—‘ The slope of the canal is 
« continued to the end at Cawnpoor, so that to keep the 
“ navigation open, there vust be a large body of water 
* continually pouring to waste in the river.’ 

I must repeat that my project is for irrigation, and ag 
such, it is indispensable that there should be a running 
stream to the lowest rajbuha head, and to obtain this 
stream, I imagine that slope is necessary. It is only 
when the demands for irrigation are small that water 
flows to waste in the river. Had Sir A. Cotton visited _ 
the terminus during a season of drought, he would have 
found the canal dry, in all probability, at its extreme 
end,' it being a rule in the canals in the North-West 
Provinces to sacrifice navigation (which is a mere 
secondary object) to the wants of the agriculturist in 
times of drought. 

Minor mistake No. 6.—‘ The bridges are so low as 
‘to prevent a fully loaded boat passing under them.” 

This is only true as regards the lower half of the 
canal; the bridges on the upper do not, I believe, inter- 





t ‘In seasons of heavy drought a system of i tation j is adopted (tateet, 
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fere with the passage of boats. On the lower part, my 
minimum height between high-water mark and the soffit 
of the arch was 5 or 6 feet, ample for the passage of such 
boats as were used on the canal. The high-water mark 
of my project, however, has been, in late years, much 
exceeded—I hear, to the extent of 2 feet in the Cawn- 
poos terminus, so that there must have been great inter- 
ruption to the passage of boats. The quantity of silt 
brought down from the canal bed south of Roorkee has 
no doubt been deposited in different parts of the canal 
bed, and acted in elevating the high-water mark. 
Viewing the question, however, as Sir A. Cotton views 
it, the bridges, no doubt, are opposed to general navi- 
gation. 

Minor mistake No. 7.—‘* The towing-paths are not 
“ carried through the arches of the bridges, so that the 
“line has to be thrown off at every bridge, that is, at 
“ every 3 miles.” 

Both this and the last mistake would, no doubt, have 
been serious ones had navigation been the leading feature 
of the project, but this was not the case (vide Ganges 
Canal Report, vol. ii. pp. 819-321). 

Minor mistake No. 8.— The lock-channels have 
“such sharp curves that boats of the length of the locks 
“ cannot pass through them.” 

The lock-channels leave the main line at an angle of 
18 degrees (vide plan 30 of the atlas). I was not before 
aware of sharp curves’ existing, nor of the defect pointed 
out by Sir A. Cotton (vide Ganges Canal Report, vol. ii. 
p. 808, et seq.) 

Minor mistake No. 9.—* No arrangement has been 
“ made for the disposal of the silt.” 

None farther than to pass it off by the escapes and 
termini. 
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* navigation lines between the different main branches, 
“so that boats can only get across the tract by going all 
“the way up to the point where the branch and the 
‘¢ main line divide.” 

This ig treating the project as one for navigation, 
which it was never intended tobe. My project, however, 
alludes to a navigable channel from Moradnuggur to-the 
Jumna, or to the Hindun (vide Ganges Canal Report, vol. i. 
p. 219). 

Minor mistake No. 11.— The Solani aqueduct is 
‘* made of the full breadth of the canal above, and of the 
“ full length of the breadth of the river below, whereas 
it might have been made of 4 of the breadth of tho 
‘canal, and its length of-about 4 of the breadth of the 
‘ yiver, reducing its cost to perhaps 4 OF + of what it 
“ has been.” 

In chapter ix. of my Ganges Canal an vol. ii, 
page 411, I have entered fully into the merits of the 
questions now brought forward by Sir A. Cotton. The 
width of water-way for the Solani was determined on 
observations carefully made during heavy floods, and, 
with reference to the catchment basin of the river, it has 
“nothing whatever to do with the width of the river. 
The river as now existing is limited to the water-way of 
the aqueduct, whereas, previously to the establishment of 
this building, its course was in quite a different direction. 
Rivers, or mountain torrents like the Solani, do not run 
on one defined course ; they play all sorts of vagaries on 
a wide-extended Khadir, now showing themselves on a 
wide shallow bed, then in a number of minor channels; 
and this was the character of the Solani before it was 
restricted to its present course. From the authoritative 
way in which Sir A. Cotton writes, I presume that he 
has looked deeper into the question than I have, and that 
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having well examined the merits of the case. His 
method of writing, however, conveys an impression that, 
without any scientific inquiry, I had determined the 
width of the water-way by the existing width of the river, 
and that the width of the aqueduct channel had also 
been obtained by a similarly rude and simple process. 
Sir Arthur Cotton, however, is here mistaken. Both 
the “width of river water-way and the width of canal 
water-way on the aqueduct have had much care, thought, 
and attention devoted to them; and this does not deserve 
to be treated in the ad captandum language of Sir A. 
Cotton’s Report. It was indispensable that the Solani 
aqueduct should be placed beyond the reach of ‘Accident 
from the most violent floods, as upon the maintenance 
of this work depended the maintenance of the supply. I 
do not think,that, with reference to the volume that the 
‘Solani Valley throws upon the works, and especially 
to floods like those of 1845, the water-way could, with 
safety, be diminished. 

The water is conveyed on the aqueduct by two chan- 
nels of 85 feet each, each channel being constructed on 
separate foundations ; the channels have sleepers adapted 
to them, so that in case of accidents or danger to one of 
the chambers an alternative line is offered, by which the 
supply is maintained in the other. I did not consider 
myself justified in attempting a rapid run of water over 
this elevated embankment, nor would this have suited 
the plan of the double chambers, which I believe to be a 
most valuable adjunct to the undertaking. I do not 
think, moreover, that a body of water cqual to 6,750 
cubic feet per second could, on an embankment at an 





‘ The Thames, in the parts removed from the influence of tho tides, 
on tho average, has a volume equal to 1,357 cubic feet per second 
(vide Weale’s London and its Vicinity p. %)s or one-fifth of the volume 
of the Ganges Canal. . 
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elevation of 27 feet, be allowed to run on extraordinary 
velocities; but-here again I find that Sir Arthur Cotton 
lays no weight on masses of water like those I have to 
deal with. He gives me,’ as an example that I might 
well have followed, the Gunnarum Aqueduct—a. work 
carried over a minor branch of the Western Godaveri— 
the channel of which is 22 ft. in breadth, and which has 
a capacity of channel equal to the carriage, at a depth of 
4 feet, of from 500 to 650 cubic feet a second |—Vide 
Baird Smith’s Report on the Cauvert, Kisina and Godavert : 
Smith, Elder & Co., 1856. 

VY With reference to the Gunnarum Aqueduct, the late 
Colonel Baird Smith, in pp. 114-117 of the report above 
noted, draws attention to points which are very sugges- 
tive, as bearing upon Sir Arthur Cotton’s strictures upon 
my operations. Colonel Baird Smith says:—‘ It appears 
“to be possible to secure foundations on the rivers of 
« Southern India, with their very low slopes, by means 
«which, with our own experience of the rivers of 
« Northern India, we would be justified in pronouncing 
“ utterly inadequate, and with which, in fact, we would 
“ never dream of operating, since they would inevitably 
“fail on the’ first serious trial. I therefore conclude 
« that, so far as the foundations are concerned, previous 
* experience in other and similar localities is sufficient 
‘to warrant their being pronounced trustworthy. But 
« the provision for the passage of the floods seemed to 
“me inadequate. Within a few months, or possibly 
«: weeks (for I forget the precise date) after the aqueduct 
‘was finished, a flood rose, as I understood, not less 
« than 6 or 6 feet over the level of the tops of the para- 
* pets, thus burying the whole structure under water. 
« The height of the flood must have been about 30 feet, 
« and it was no doubt an extraordinary one ; but not so 
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“much go as to place it beyond the region of contin« 
“ gency, for which, in projecting such works, it is neces- 
** sary to make some adequate provision. The sectional 
“ avea of channel for such a flood, as provided by nature, 
“is, approximately, about 72,000 square feet; that pro- 
“vided by the engineers is considerably over-estimated 
* at 30,000 square feet. It is only necessary to look at 
‘¢ tlie elevation of the aqueduct, and to note the propor- 
“ tion between the solid and permeable surfaces pre- 
“ sented thereby to the stream, to make it self-evident 
“ how serious an obstruction to the current the work 
“must be in all considerable foods, but especially in 
‘ those wheré the flood-level rises high on the parapets. 
“I must confess my own conviction to be that this 
« aqueduct will be a constant cource of anxiety, and that 
“the probabilities are in favour of the repeated occur- 
“ yence of formidable accidents to it. That this antici- 
“ pation is not imaginary has been proved by the @xpe- 
“rience of the past season, and I quote a few words 
from a letter under date 19th August, 1853, from an 
“ officer intimately connected with the works, showing 
“that already the dangers to which the structure is 
“ exposed have exhibited themselves in a very serious 
“ form :—‘ The great aqueduct, by the way, has received 
«« ¢ considerable damage, the high and heavy side wall 
“ having broken and fallen flat upon three of the arches, 
‘* ¢ which are thereby cracked considerably, and one of 
‘© ¢them very badly. This was caused by very high 
“ ¢ freshes, which come down at an unprecedentedly 
‘© early period. The Vegaishwaram head sluice (at the 
«© annicut or dam) was also partly destroyed; the ruins 
“ © of its adjoining lock, I believe you saw. The Kistna, 
“© also, rose to a prodigious height, and flooded vast 
“ ¢tracts in Masulipatam and Guntoor, so that the 
«© people had to mount on the roofs of their houses 
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‘ ¢ and on carts for safety. There was a regular river 
« ¢9 miles wide, north of Bezwarah, where the land dips 
* ¢from the banks of the Kistna.’ 

J have added details not directly connected with 
« the aqueduct, with the view of showing that the floods 
“on this occasion were evidently paroxysmal, being 
“ yather grand debacles of water than even freshes of the 
“* order termed extraordinary. I do not advocate perfect 
“ provision against such debacles, for the expense would 
‘be enormous; and it is preferable, I conceive, to run 
“the risk of such very rare events, and to be prepared 
“to repair the injurics done to them, rather than to 
“ execute works which may not be required more than 
‘* once or twice in a century, and the provision of which 
« would prove, in all probability, a total bar to progress, 
“py the gigantic scale of expenditure it would necessi- 
“tate. It is because the aqueduct seems to me to be 
‘inadequate to its task of passing these high floods 
“« which often occur, that I have expressed the foregoing 
“opinions; and though I have a high respect for its 
* projector, it would, I conceive, be shrinking from my 
* duty, were I not to express them frankly. For occa- 
“ gional accidents, when such rivers as the Godaveri are 
“ being dealt with, every reasonable person will be pre- 
“ pared, and will view them with due consideration ; but 
« it ig to more than common risks that a work with the 
« proportions of the aqueduct is exposed ; and I see but 
“ little chance of the consequences being evaded while 
“ these proportions are mainteined.” 

I must have reasons, at any rate, given me before I 
am: brought to believe that I have been wrong in my 
projection of the Solani works; and I find none in Sir 
Arthur Cotton’s statement. 

Minor mistake No. 12.—* The breadth of the canal at 
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“such as there would be if the navigation were in an 
* effective state.” 

With this my irrigation project i is not concerned. 

Minor mistake No. 13.— ‘The slope of the sides of 
“ the canals are much to steep.” 

I do not agree with Sir A. Cotton. 

Minor mistake No. 14.— There is no communica- 
* tion between the canal and the river at Cawnpoor ; for 
‘ though there are double locks, the gates of the lower 
“ ones were not in repair. I am credibly informed when 
‘‘ they were in repair, boats were not allowed to pass 
“backward and forward, but if they entered the canal 
“were compelled to remain in it,“because, as I was 
‘informed, they often injured the plaster on the lock 
‘ works.” 

To this I have no reply. 

Having now gone patiently through jhe whole of 
Sir Arthur Cotton’s Report, and replied to his censures 
with as much temper as I could be expected to maintain 
under such an infliction, I shall take the liberty of 
making a few remarks bearing on the general question. 

Ihave in the early part of this paper stated under 
what circumstances General Sir A. Cotton wrote his 
Report. J heard accidentally of its existence early in 
November, and immediately applied to the secretary of 
the Hast India Irrigation Company for a copy, the report 
having been read by my correspondent in India in print. 
The secretary informed me that the document had never 
to his knowledge been printed; that it was a private 
paper? for the use of his Company, and that if it had 
been printed, this must have been done in India. He 
telegraphed to Sir A. Cotton to know whether he might 
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provide me with a manuscript copy of the Report. This 
being acceded to, the secretary very kindly not only sent 
me a copy, but copies of his letter to the Government of 
India and to the Financial Member of the Governor- 
General’s Council. The paper, therefore, came before 
me long after it was issued. I received it on the 18th of 
November, 1863. . 

So far for the history of the Report. Now to my 
remarks upon it; the delay of which is sufficiently 
accounted for by the above explanation. 

One of the most extraordinary facts connected with 
Sir A. Cotton’s censure is, that he declares that I had no 
reason for proceeding to Hurdwar and its neighbourhood 
for a head for the canal; that by going to the higher 
regions I had led Government into expenses in con- 
nection with the mountain torrents whick were prepos- 
terous; and that in so doing I had committed an error 
which he considered to be the leading fundamental 
mistake—that is to say, the first of nineteen mistakes 
that I had committed in the design. He points out 
that the proper site for the head of the canal is from 
50 to 100 miles south of Hurdwar, and below the junc- 
tion of the Solani River with the Ganges. 

Now we must inquire on what grounds Sir Arthur 
Cotton has made this declaration. It would fairly be 
supposed that he had examined the topographical features 
of the country, and have carefully estimated the value of 
the Ganges River in its connection with the shingle tracts 
and the sandy bed of the Khadir; that he had looked care- 
fully to the mature of the rivers, and to the contour and 
character of the high country in the neighbourhood, with 
reference to those rivers, before he came to any decision 
on the subject, or at any rate before he became directly 
antavonistic to plans which had been drawn upand matured — 
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naturally have been supposed—but what is the fact ? 
Sir Arthur Cotton paid a, flying visit to the Ganges Canal 
works, and (to use his own words) “I was informed by 
‘an officer of the Canal Department that he had taken 
“the level from the Futtigurh branch of the canal to 
“the neighbouring bed of the Ganges in two places, 
“ and found it 40 feet in each.”? “Without the slightest 
hesitation or scruple, Sir A. Cotton, upon hearing this, 
rushes at the conclusion noted in his Report, gives 
his high name to a summary condemnation of all my 
proceedings, and forwards to the secretary of the East 
India Irrigation Company a Report professing to be his 
deliberate views on the fundamental mistakes of my 
projection. In looking carefully through Sir A. Cotton’s 
Report, I can find nothing but the statement made by 
the departmental officer to warrant his conclusion; I 
can discern no sign by which he has heen otherwise 
guided. 

The point on the Ganges from whence Sir A. Cotton 
proposes to draw off his supply for the canal is by no 
means clearly indicated. I find that he gives? as a 
terminus for a line of 28 miles in length a point 
250 miles below Hurdwar, but how he leaves the Ganges 
on these conditions, I have not the most remote idea. 
He refers also to making a cut 12 miles in length? I 
presume that this must be intended to leave the Ganges 
not far south of the confluence of the Solani, but although 
I can’t pretend to strict accuracy as to the precise level 
of the Ganges at that point, I believe that a cut having 
a slope of 6 inches per mile would not fulfil Sir A. 
Cotion’s conditions in a shorter distance than 50 or 
60 miles. He refers in the latter part of his Report* 
to heads taken off from the Ganges and Jumna 200 
and 800 miles below the confluence of the Solani. In 
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another place he states that by making a new head to 
the canal below the confinence of the Solani, “ far less 
“* expense will be incurred than by correcting the works 
* on the canal above Roorkee. If these works, with the 
‘help of slight alterations, will have a depth of water in 
‘ the canal of 8 feet instead of 7 feet, as at present, the 
** cost of cutting 12 or 15 miles to form a new head will 
“ be less than the substitution of new stone weirs for the 
‘ present brick ones. The weirs across the Ganges will, 
“© of course, be nearly the same, whether built at Hurdwar or 
* below the Solani.” * 

How can this be? is it to be understood that the 
cost of a dam, built on the deep and wide sandy bed of 
the Ganges, below the confluence of the Solani, will be 
the same, or nearly the same, as that constructed at 
Hurdwar over the stony bed of the river? ~To this con- 
clusion we are. inevitably led by the above extract; yet 
elsewhere® Sir A. Cotton appears to think that the 
absence of quarries in the proximity of this lower dam 
might lead to additional expense. 

The Hurdwar dam is estimated by Sir A. Cotton at 
a cost of from 30,0001. to 40,0007.* 

. Looking further into the report,* the dam below the 
confluence of the Solani is estimated at 5 laks of rupees ; 
and in the estimate appended to the report appears the 
following item :— 

‘« New head and weir near the Solani, 100,0001.” ® 

This includes both dam and cut from the river. 
These statements are somewhat contradictory. 

Tn the early part of his Report, Sir A. Cotton states 
that if matters had been properly conducted, the works 
“might have been yielding 20 or 80 per. cent., or 
‘much more, for the last ten years.”° Again he says: 
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‘* From the mere mention of these defects of projection, 

“it cannot but be understood how it is that this work, 

“in a tract of country with such prodigious natural 

‘advantages, has been so unproductive for seventeen 
“ years from its commencement.” ! 

The water was only passed over the Solani aqueduct 
in a small body‘in 1854; and Lord Hardinge’s order to 
carry out the works was only passed in 1847, that is to 
say, sixteen years ago !* 

In smaller matters, Sir A. Cotton is equally unsatis- 
factory. For example,—The supply of the Ganges Canal‘ 
he states to be 8,000 cubic feet per second ;* whereas the 
whole of my calculations for discharge and distribution 
are limited to 6,750. In detailing the width of the 
Solani aqueduct, he states it to be 66 yards;* whereas 
it is 170 feet, or 56% yards. His calculation of dis- 
charge of rivers is founded on what?* Millions of 
yards per hour may be easily written, but not so easily 
accepted by those who require definite data. A calcula- 
tion for loss by evaporation on a canal 40 yards wide, of 
2 cubic yards per hour, which I observe in his Report,’ is 
one of those extraordinarily cool dicta which defies all 
inquiry. 

In the pamphlet,® Sir A. Cotton states that the last 
20 or 50 miles of the canal above Cawnpoor ought to be 
reduced to dead levels by locks. In his Report? this is 





* P. 50. 

* Tho ground was actually broken on the 16th April, 1842, under 
orders from the local Government; but it was not until the report of the 
sanitary committee had been received, find the inquiry as to the effect 
of the abstraction of the required supply for the canal upon the naviga- 
tion of the “Ganges had been completed, that the supreme Government 
determined, in 1847, on prosecuting the works to completion. —(Vide 
Ganges Canal Report, vol. i. p. 68.) 

3 P, 50. 4P.59. 5 Pp 58. 
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changed to 80 or 40 miles; Dut he states that the dead 
level is indispensable for navigation. Now, whether 
there are 20 or 50 miles of still water, if must be borne 
in mind that irrigation was carried down by me to 
within a very short distance of Cawnpoor, for the pur-' 
pose of the tract of land lying between the Pandoo and 
the Ganges; and as, on my projection for the discharge 
for irrigation, 8 cubie fect per second were given for 
each mile, it would follow that for 20 or 50 miles in 
length we should require a running stream of from 160 
to 400 cubic feet per second. Unless Sir A. Cotton 
means that branches for irrigation are to be taken off 
from the canal to the right and left, above the 20 or 
50-mile point, leaving the main line as a system of 
reservoirs, it is difficult to understand how water is to be 
supplied. Without a running stream, as Gir A. Cotton 
knows, I presume, irrigation cannot be maintained ; and 
when the supply of water is limited, as it is on the 
Ganges Canal especially, at a distance of upwards of 360 
miles from its source of supply, if navigation is to be 
insisted on, it will be at the sacrifice of irrigation. 

The problem to be solved was, the delivery of 6,750 
cubic feet of water per second on the high lands of the 
Doab, and the carriage of this large body of water for the 
purposes of irrigation to a distance of 360 miles, with- 
out any additional supply being available, on the whole 
length of its course. The difficulty consisted in carrying 
that great mass of water across the Ganges Khadir and 
its numerous mountain torrents, and in regulating the 
distribution of the water by a channel so adapted to the 
required discharge, that every mile on its course might 
be fairly irrigated. I may observe that the line runs 
between 29° 87’ and 26° 29’ north lat., and, as will be 


89 


lead to complicate a design which is otherwise sufficiently 
complicated. 

Accepting Sir A. Cotton’s views, that water can be 
taken from either the Ganges or Jumna from any point 
of their course with the greatest facility, and that the 
nature of these rivers offers no impediment to drawing 
supplies from them, the difficulties attached to the 
problem are reduced to a minimum. But there aro 
grave reasons for denying Sir A. Cotton’s views. Expe- 
rience is against them, and the most anxious observa- 
tions made by myself and others tend to show that tho 
character of the beds of these rivers, below the shingle 
tracts, is opposed to them. I believe that, at the 
sacrifice of large tracts of valuable land in the valleys of 
the Hindun and West Kalli Nuddi, water might be 
collected in reservoirs for the purpose of giving a small 
additional supply at a point to the West of Meerat; but 
this would be gained by the very dangerous experiment 
of constructing permanent dams over the valleys of these 
rivers at an enormous cost, the sills, or wasteboards, of 
the dams being raised 15 and 25 feet respectively (see 
Ganges Canal Report, vol. i. p. 10). With this exception, 
E am still of opinion that the Ganges Canal has no means 
of supply further than from the head above Hurdwar ; and 
I cannot, from Sir A. Cotton’s speculations, and the 
conclusions arrived at from them, consider that he has 
weakened my views. 

To the excess of slope in the bed of the majn channel 
I refer with the greatest regret. The remedy, however, 
appears to be rather in the division of the great body of 
water, and thereby in diminishing the effects of its 
action, than in the continuance of the existing channel as 
a single line. From the head to Roorkee in the presence 
and proximity of so much material there can be no diffi- 
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state of efficiency. From Roorkee to the Bolundshuhur 
head the volume of water might be divided so as to pass 
onwards in two independent channels, the one continuing 
on the line now in existence, ‘the other in a westerly 
direction, or that marked by the Deobund Rajbuha ; 
these two streams would unite at the Bolundshuhur 
head. The amount of volume passing down the two 
lines would be regulated by the requirements of the 
Fuitigurh branch, and might on a general estimate be 
calculated at 8,750 cubic feet per second for the eastern, 
and 8,000 for the western. The bed of the eastern line 
would require to be protected, and the slopes to be re- 
modelled. By an arrangement of this sort the Capacities 
of the two channels would be brought to a manageable 
dimension, while it would offer the inestimable advantage 
of an alternative line for securing a supply of water to 
the southern divisions. From Bolundshuhur to Nanoon 
the slope in the main channel I presume will require 
modification, and I should be inclined to adopt the same 
expedient of dividing the volume of water either by the 
Bolundshuhur branch head, or by carrying lines of irri- 
gation on each side of the main channel. 

T am much in favour of reducing the present volume 
of water in the main canal. My belief is that the volume 
of water is too great for an artificial channel carried 
through a soil like that through which it passes below 
Roorkee. With so many falls, and with'so large a body of 
water passing over them, perpetual repairs and interrup- 
tion will inevitably occur, let the slope be reduced to any 
extent. By the division of the waters this will be avoided ; 
and the evils of accident on one line will (as far as sup- 
plies for irrigation to the south are concerned) be neu- 
tralized by the existence of an alternative line. 

I do not advert to Sir As Cotton’s schemes any 
further than to protest asainst—1. His dams and anni- 
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euts over the Jumna and Ganges below their shingle 
tracts. 2. His views of carrying, the water of the main 
line of the canal above the level of the country. The 
first is visionary, and the second is quite unnecessary for 
the purposes of irrigation ; in a sanitary point of view it 
is utterly destructive. 

One word in conclusion: Sir A. Cotton’s Report has 
forced upon me a reply, not for my own justification 
only, but as a duty to the Government whom I have 
served so long, and I have no hesitation in saying, so 
zealously. I have no affection for controversies, nor will 
JT be drawn into them ; here, as “far as I am concerned, 
the matter drops. 

It will be said that the Report is a private paper, 
drawn up for the use of the East India Irrigation 
Company, and not a public Report, deliberately sub- 
mitted; as, however, it has been forwarded to the 
Government of India, and as by some means or other 
it has been printed, the Report is on the high road to 
become public. 


APPENDIX. 


Private Memoranpum py Masor-Grnerat Sir ARTHUR 
Cotton, UPON THE GANGES CANAL. 


[Transmitted to Sir C. Trevelyan, Financial Member of the Council of 
the Governor-General of India, by the Secretary of the East India 
Drigation Company, accompanied by a Letter dated July 27, 1868.] 


a 


Tus great work, even as it has been projected, would have paid a 
large direct interest, besides far greater benefits to the landowners and 
public generally, had it been carried out to completion, and it will do 
so still, if completed. It has already saved tens of thousands of lives, 
and an amount of property probably exceeding its cost, during the late 
famine. 

There are, however, the greatest fundamental mistakes in its pro- 
jection, which have made a prodigious difference in the results, They 
are as follow :-— 

1st. The head of the canal is placed too high up, above a tract 
which has a very great and inconvenient fall, and in which there is a 
very heavy drainage from the sub-Himalayas, across which the canal 
has to be carried. 

2nd. The whole canal has been cut so as to carry the water below 
the level of the surface, entailing a vast unnecessary excavation, and 
keeping’the water below the level at which it is required for irrigation. 

8rd. The whole of the masonry are works of brick, while the most 
suitable stone for hydraulic works is procurable in the sub-Himalayas ; 
this is a most inexplicable mistake. 

4th. The whole of the water is admitted at the head, so that some 
of it is conveyed 350 miles to the land it irrigates, while it might have 
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the canal, so as to secure the supply of water, but temporary works 
are thrown up after every monsoon, which are liable to be swept away, 
and have been swept away, at the very time when they are most 
wanted. 

The first four of these fundamental mistakes have caused the cost 
of the works to be probably three times what they need to have been, 
consequently have increased the time of execution threefold ; so that 
they might have been yielding 20 or 30 per cent., or much more, for 
the last ten years, instead of being to this day an unpaying project, 
with interest accumulating for ten years. 

But besides these fundamental mistakes in the projection, there are 
the following minor, but still most important, ones:— 

Ist. All the weirs are made of a length corresponding with the full 
breadth of the canal, while they need not, and ought not, to have been 
more than one-third of that length, entailing 2 more than double 
expense in their construction, besides other destructive evils, which 
will be more fully explained. 

2nd. These weirs are place? in the direct line of the canal, while 
the navigation line and the locks are placed out of the direct line, thus 
compelling the whole of the traflic to go round instead of’ the irrigation 
water. - 

8rd. The whole canal has too great a fall in its bed, from 15 ins, to 
12 ins. per mile, which, with a depth of 10 feet, which it was intended 
to have, gives a current of 24 or 23 miles an hour, which is too much 
poth for the bed and banks of the canal, and also for effective navigation. 

4th. The canal has been terminated at Cawnpoor instead of being 
carried on 120 miles to Allahabad, where the Jumna and Ganges 
unite, and the river navigation begins to be effective throughout the 
year, 7 

5th. The slope of the canal is continued to the end at Cawnpoor, 
so that to keep the navigation open there must be a large body of water 
constantly flowing to waste into the river. 

6th, The bridges are so low as to prevent a fully loaded boat 
passing under them. 

. 7th. The towing-paths are not carried through the arches of the 
pridges, so that the line has to be thrown off at every bridge, that is, at 
every three miles. 

8th. The lock channels have such sharp curves that boats of the 
length of the locks cannot pass through them. 

9th. No arrangement has been made for the disposal of the silt. 

10th There are no connecting navigation lines between the different 
main branches, so that boats can only get across the tract by going all 
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11th. The Solani aqueduct is made of the full breadth of the canal 
above, and of the full length of the breadth of the river below, whereas 
it might have been made of onc-third of tle breadth of the canal, and 
its length of about one-half of the breadth of the river, reducing its 
cost to perhaps one quarter or one-fifth of what it has been. 

12th. The breadth of the canal at the lower end is much too small 
for a large traffic, such as theré would be if the navigation were in an 
effective state. 

18th. The slopes of the sides of the canal are much too steep. 

14th. There is no communication between the canal and the river 
at Cawnpoor ; for though there are double locks the gates of the lower 
one were not in repair. Iam credibly informed that when they were 
in repair boats were not allowed to pass backward and forward, but if 
they entered the canal were compelled to vemain in it, because, as I 
was informed, they often injured the plastering on the lock walls. 

2nd. With respect to the second fundamental mistake, viz., the 
cutting the canal go as to carry the whole body of the water below 
the surface of the ground, this was entirely owing to the medical officer 
appointed to investigate the subject of fever, which, under certain 
circumstances, had appeared in irrigated tracts, going out of his depth 
in attempting to instruct the engineers how they were to execute the 
works, He had apy that the fever was caused by the presence of 
the stagnant water,ind he supposed that if the water was carried above 
the level of the ground it would percolate through the embankments, 
and keep the ground outside‘saturated. Not being an engincer, he did 
not know that the water would not find its way through the embank- 
ments in any quantity, nor that in that part of the country the upper 
three or four fect is generally of watertight soil, below which is the 
most open sand, through which the water passes quite freely. ITence 
in insisting upon the water being carried below the surface, he took 
effectual means to produce the very evil he wished to prevent. Had 
he merely insisted upon it, that there should be no land saturated with 
stagnant water, the engineers would have known how to accomplish 
that. But further; the very object of the canal was to irrigate the 
Jand without the necessity of raising the water by artificial means. 
To do this and yet have the surface of the water below the level of the 
ground was evidently an absolute contradiction. And hence the water 
is, of course, now led out of the main canal by the branch channels, 
so cut as to bring the water out above the ground, and thus the water 
is only below the surface in the main canals, while it is above it in 
the branches. The real remedy against stagnant water is simply a 
system of drains leading it off to lower levels; and this is essential to 
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having been cut so deep, the water is let through into the sand below, 
and the whole country is permeated by it, so that the water everywhere 
stands some feet higher in the wells than it need’to do, and the people 
are tempted to raise it by bullocks from them instead of purchasing it 
from the canal. 

In thus following these instructions instead of determinately pro~ 
testing against them, they have been led into a monstrous expense and 
loss of time. The excavation is certainly three times what it need to 
have been, being about 4 yards by 50, whereas an excavation af one 
yard or a little more, just sufficient to form the embankments, was 
all that was required, and as the embankments could have been placed 
at any distance apart, without increasing the quantity of earth required 
to form them, a body of water much greater than is at present con- 
veyed might have been provided for at one-third of the present cost. 
Thus, supposing the embankments required a section of 60 square 
yards, each to allow of a depth of water of 3 yards above the ground, 
and they had been placed 200 yards apart, the excavation would have 
been 120 square yards, and * would have provided for a stream 
200 x 34 yards, or 700 square yards, while the present excavation is 
about 4x 50, or 200 square yards, and the stream “of water 50 x 34, 
or 170 square yards in the former, and the stream would have had a 
section of six times that of the excavation; while, as it is, the section 
of excavation exceeds that of the water. However, a far greater use 
may be made of the present excavation than has been made hitherto, 
by simply allowing the water to stand in it above the level of the 
ground. I have said that it was intended to allow 10 feet to flow 
‘down the canal, but hitherto only 7 feet has been admitted, in conse- 
quence of the works not being able to bear it with the present great 
slope of the bed, and the weak brick weirs. But the water might be 
allowed to stand at least 2 yards over the surface, or six yards deep, 
giving a section of water of about 60 yards by 6, or 360 square yards, 
instead of 50 by 24, or 117, as at present; and if the current, by 
diminishing the slope of the bed, is lowered from 22 miles, as at 
present, to 19, just double the present quantity of water would be 
conveyed. The alterations that would be necessary for this, viz., the 
addition of some weirs, in order to diminish the slope, are absolutely 
necessary to make the navigation effective. In this way alone, without 
any additional excavation, the canal may be made to irrigate twice 
what it is calculated to do, while only 7 feet of water are admitted. 

Other means will hereafter be mentioned by which a far greater 
extent of irrigation may be obtained without any additional excavation 
of the main canals. 
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structing the works entirely of brick. There is nothing’ more inex- 
plicable than this in the whole matter. I cannot fine a word of 
discussion on this point in the published reports“On the project, I had 
always supposed that the only great objection to it was the want of 
stone; and I was astonished beyond measure to find the most unexcep- 
tional stone lying in the streets of Hurdwar, which I was informed had 
been brought up 6 miles, and ‘many of the houses built of stone. What 
could have been the reason of rejecting this invaluable material, the 
very-thing that was wanted for the works, I am still totally at a loss 
to conceive. In Madras we never think of trusting to brick for 
hydraulic works, however hard and expensive to cut the stone obtain- 
able may be, nor however far we may have to bring it; and, in my 
opinion, nothing but the absolute impossibility of obtaining it within 
a practicable expense would justify an engineer in building weirs and 
sluices without it. The present case is the strongest confirmation of 
this opinion. Nearly three times the quantity of masonry has been 
used in these weirs that would have been required had they been 
covered with stone, and yet they arenow in a dangerous state, quite 
unequal to the force of water they are exposed to. The form of 
section is of this"kind :— 


Had they been covered with stone, the section should have been 
thus :— 





Tn the locks, also, all the passages are of brick only; they ought 
all to be lined with stone most carefully fitted. The side walls also 
being of brick, the most peremptory orders are given that they are not 
to be scratched by the boats, and monstrous fines are inflicted for any 
injury to the plastering. “OF course this is wholly incompatible with 
free navigation. The works ought to be so constructed as to bear the 
test of usare to which such works are exposed. I found sandstone of 
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various degrees of hardness; the soft would probably do for the parts of 
works not exposed to the rush of water, or to the chafing of boats and 
vessels; and the harder forthe latter parts. I saw some of just the 
requisite degree of hardness; quite sufficiently hard to resist water, 
and at the same time not necdlessly hard so as to involve an unneces- 
sary expense in cutting. In Madras we have been often obliged to use 
excessively hard granite, at a very great cost, where much softer stone 
would have answered the purpose. Besides the stone to be obtained 
from the hills, the bed of the river is entirely filled with good-sized 
pebbles, which might be extensively used for rubble masonry, and for 
protecting the sides and bed of the canal, where wanted. Among these 
pebbles are also plenty which are of hydraulic limestone, so that I 
should report of this spot that scarcely any place could be found where 
hydraulic works could be constructed so securely and so economically, 
I may mention that the brick masonry in these works is of the very 
best quality ; both materials and workmanship are as fine as any I ever 
saw, and from the published accounts of cost, it is evident that they 
have been most economically executed. The mistakes are in the pro- 
jection, and the use of brick where stone was on the very spot, and of 
the precise quality required. 

Jf quarries age now opened in the sub-Himalayas, there would 
doubtless be in a short time a prodigious traffic in stone along the 
whole line of the canal. 

Many of these minor mistakes have further greatly increased the 
cost of the works ; some of them are the causes of the present dangerous 
state of some of the weirs and bridges, and some of them almost destroy 
the canal as a line of navigation, so that the traffic on it in goods isnow 
only Js of what it ought to be, and it is hardly used for passengers at 
all, whereas if the navigation were effective, steamers of all speeds 
would be carrying passengers to the extent of several thousands a day ; 
probably starting from either end of the canal every two or three 
hours, and plying night and day. From the mere mention of these 
defects of projection, it cannot but be understood how it is that this 
work, in a tract of country with such prodigious natural advantages, 
has been so unproductive for seventeen years from its commencement, 
independently of the question of the distributive channels not having 
been yet completed. 

+The money that has been expended is probably three or four times 
what would have been sufficient both for the irrigation of two millions 
of acres, and to have formed the most effective line of navigation in 
the world, with a prodigious traffic both in goods and passengers at any 
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I purpose now to enter more fully into the subjects of the different 
mistakes I have adverted to. 

1st. As to the position of the head of the canal. In the reports I 
have seen there is no discussion at all on this point. In a paper 
of Colonel Baird Smith on the late famine, he justly remarks that the 
channel of the river below the stcep country near Hurdwar, is too deep 
for head-works for a canal, ~ 

In the first place, as the head of the canal from Hurdwar to 
Roorkee, 20 miles, which has so great a fall, and crosses all the heavy 
drainage of the sub-Himalayas, has cost about 3 of a million sterling, 
it is impossible that it could have been more expensive than that to 
have thrown a weir across the Ganges below the confluence of the 
Solani, and cut the head of the canal from there. But farther I was 
informed by an officer of the canal department, that he had taken the 
level from the Futtyghur branch of the canal, to the neighbouring bed 
of the Ganges in tworplaces, and found it 40 feet in each, while the fall 
of the country there is about 3 feet a mile. Hence if the water of the 
river were raised 10 feet by a weir, aml the head of the canal cut from 
it with a fall of half a foot a mile, gaining 2} feet a mile upon the slope 
of the country, it would only require a cut of 12 miles in length to 
lead the water out upon the present level of the canal, which could not 
possibly be an expensive work ; it could not certainly cost more than 

ty of that of the present head of the canal above that point, while 
including also the permanent weir which the present head of the 
channel has not. 

The objections to this position for the weir (probably a little below 
the confluence of the Solani) would be, first, that it would be further 
from the quarries, but as no stone has been used in the present works, 
this does not affect the question so far as these works are concerned, 
‘The stone would certainly have had to be brought some consider- 
able distance, but this, though it would have increased the expense, 
would not by any means have done so to the extent of the least making 
it a question whether the weir could be built there or not. But now 
as the stone could be brought from Hurdwar by the present canal, with 
3 or 4 miles of addition, to the very spot, the cost of carriage would be 
of very small account. 2nd. The country above the point where the 
new head would meet the present canal, would be above the level of 
the water, and consequently could not be irrigated from“this work. 
This is not of the least consequence ; there are many millions of acres 
below the level of that point which are not irrigated, nor intended to 
be irrigated by the present works, and it cannot therefore be a matter 
of the least consequence that a few hundred acres above that level are 
not irrigated. There is no reason whatever for irrigating that particular 
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little patch of country about Roorkee, rather-than the vast area of the 
Doab lower down—and further, of course, now, that tract, may con- 
tinue to be watered by the’present canal. The full between Hurdwar 
and Roorkee is about 60 feet, and is ofno use whatever, so that going up 
to that point was only bringing into the canal a height of 60 feet, which 
had to be counteracted by weirs and falls at a great expense, without 
any object whatever, besides entailing the enormous cost of passing the 
Solani, and the other violent jungle streams which bring down enormous 
floods for a few hours at a time. a 

It must be observed that the weirs on this part of the canal above 
Roorkee are in great danger. Last year one of them was repaired, but 
was again injured, and it was necessary in consequence to close the 
head of the canal, and put a stop to all irrigation for four months in 
the main irrigating season, entirely losing the whole revenue for the 
rubble or winter crop. The receipts for the previous ycar had been 
6 lacs, and in consequence of the extended distribution’those for 
1862-8 would have been, I believe, almost 10 lacs, whereas they will 
be, I suppose, less than those of last year. But the loss of property in 
the“crop would have been enormous, perhaps 30 rupees an acre on 
500,000 acres, or 150 lacs, besides the loss of seed and labour, had 
there not occurred most providentially a very unusual fall of rain, which 
gave even above an average crop.™This mischief was solely owing to 
the weir being built of brick, which can never be trusted for hydraulic 
works with falls of water or high velocities. Had they been properly 
constructed works covered with stone, there would have been no such 
danger. It must be known also that this danger has occurred with 
only 7 fect of water in the canal, whereas the works were calculated 
to bear 10 fect of water, which has not yet been admitted. The 
quantity of watcr calculated upon was about 8,000 cubic fect per 
second, one million cubic yards per hour, while the quantity actually 
admitted is only about 5,000 cubic feet per second, or 620,000 
cubic yards per hour. And of this, in consequence of the want of 
distribution works, only one-fourth has ever been used, even during the 
famine, the remainder returning unused into the river. 

This great mistake of beginning the canals needlessly high up the 
river was very nearly made in the case of the Godavery. It was at 
first thought that they should commence at.the point“where the river 
escapes from the hills, but upon levelling the country it was found 
that nothing would be gained by this but the having to Convey 
1} millions of cubie yards of water 25 miles for nothing—the gain 
of. level by going 25 miles higher up giving no advantage worth 
mentioning; while it was wished to water the emall additional tract 
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incurring the enormous expense of carrying 14 millions of cubic yards 
all that additional distance. This change in the position of the head 
of the channel would have saved 70 (?) Jacs, and of course several 
years, besides all the loss and danger now experienced in the actual 
state of their head works at this moment, which is such that, unless 
decisive measures are immedjately adopted, the canal will continue 
useless, and the prejudice against irrigation works be prodigiously 
increased. 

Ifis certain that something must be done about these works; first, 
those now in danger must be secured, and, secondly, the supply of 
water to-the canal must be secured by a permanent weir. In the face 
of the famine, the temporary dam across the river had been constructed 
after the monsoon as usual. When the river began to rise in the 
following monsoon, this dam was as usualecarried away. But in con- 
sequence of the failure of the rains, the river did not continue to rise 
as it ought, and, consequently, at the very time when the canal water 
was most urgently called for, the proper supply could not be thrown 
into it, as there was not enough water fh the river to keep that in‘the 
canal at the required level, but at the same time there was too much 
to allow of the temporary dam being restored. Thus a work which 
has cost 2} millions is liable to be left without a syfficient supply of 
water at the time of a failure of a monsoon, when the general need 
for the canal water occurs to prevent a famine, for want of a permanent 
weir that would cost 30,0002. or 40,0002. The canal, even with this 
insufficient supply of water, is of course still of incalculable value, 
though of nothing like what it ought to be. In the late famine it 
watered about 300,000 (?) acres, and produced food for 1} millions 
of people for a year, according to Colonel Baird Smith, besides being 
the means of conveying vast quantities of food from distant districts, 
neither of which would have been otherwise obtained, and as many 
thousands died of starvation as it was, probably hundreds of thousands 
would have perished but for the canal, thus imperfectly supplied with 
water from the head, and only about one-fourth of that water being 
actually used for want of the distributing channels to convey it to the 
lands. — Its use also for bringing food from a distance was only a small 
part of what it ought to have been, had the defects of the navigation 
not existed, and had it extended to the confluence of the Jumna, at 
Allahabad, instead of stopping short at Cawnpoor. 

But to return to the question of the head works, which is, what 
should now be done there? I have stated that the present weirs 
cannot stand the force of water to which they are exposed, even with 
only 7 feet in the canal insttad of 10 fect, the full supply; also that a 
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the admission of the whole supply of water, it scoms to me that the 
only thing that can be done to mect the emergency is to build new 
weirs on side cuts out of the line of the canal opposite to the present 
weirs, so that they may be completed without shutting the water out 
of the canal, and when completed the banks at heads and outlets of the 
new cuts may be cut through,“and earthen banks thrown across the 
main canal so as to shut off the water from the present weirs. The 
new weirs, of course, to be constructed of stone. 

But if the new permanent weir across the river is constructed,«not at 
the present head, but below the confluence of the Solani, so as to admit 
the main supply from the river at that point, only a small quantity 
might be admitted at the present head, so as to allow of only 2 or 3 
feet flowing down that part, and so relieve the present insecure weirs ; 
and this they would probably be able to bear, with the help of some 
trifling alterations. The object of admitting any water at all at the old 
head would be merely to keep up the navigation there, and to supply 
the small tract now watered above the level of the proposed new head. 
The traffic at this extreme parteof the canal will, of course, not be very 
great, so far as gencral trade is concerned, but as affording the means of 
conveying the excellent stone of Hurdwar, and the titber of the Hima- 
layan forests, bot] to the works all along the canal, and for the use of the 
public all the way to Allahabad, this part of the navigation will be of 
great importance. 

If the depth of water is reduced from 7 to 3 feet, the current 
will be diminished from 24 to 1}, which the bed and banks will bear, 
and the force of the water over the weirs will be greatly diminished. 

It is necessary here, however, to point out another fact with respect 
to these weirs across the canal, I have stated that the length of them 
is the same as the full breadth of the canal, and consequently the depth 
of water passing over their crest is less than that of the canal at a 
distance above the weirs. It is obvious that the velocity of the water 
over the weirs will be much greater than that in the canal, and 
consequently a depth, for instance, of 7 feet in the canal would not 
keep up a depth of, suppose, 3 feet over the weirs. Now, the bed of 
the canal is made with a slope of 1} feet a mile from the foot of the 
weir to the top of the next, so that the surface of the water will have 
an additional full of 4 feet in the area given, more than the bed, thus, 








SURFACE OF WATER 
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so that, while the canal has nominally‘ slope of only 1} fect a mile, 
giving a current of 23 miles, the last mile or two above a weir has a 
slope of the surface of the water of perh’ps 3 fect a mile, giving a 
current of four or five miles an hour; far above what was intended, and 
above what the bed and the banks can bear. The fact is, the weirs ought 
to have been made so much shorter than the breadth of the canal as to 
have kept the depth over their crest the same as that in the canal, so 
that the slope of the surface of the water would be the same as that of 
the htad of the canal, and the current would then have been kept at 

3} miles an hour, as intended. The current above the weir has thus 
been so excessive that the sides of the canal were cut away to a 
dangerous extent, and to remedy it, the desperate measure has been 
resorted to of raising, by timber work, the height of the weirs, and thus 
exposing those weak structures of brick taa force of water now much 
beyond what they were intended to bear. 

It seems, therefore, almost certain that, by making a new head to 
the canal belowthe confluence of the Solani, far less expense will be 
incurred than by correcting the works %n the canal above Roorkee. If 
these works, with the help of slight alterations, will have a depth of 
water in the canal of 8 fect, instead of 7, as at present; the cost of 
cutting 12 or 15 miles to form a new head will be leg than the substi- 
tution of stone weirs for the present brick ones. The weirs across the 
Ganges will, of course, be nearly the same, whether built at Hurdwar 
or below the Solani. 

Ath. With respect to the fourth mistake, viz., that the water is all 
admitted at the head of the canal, so that some of it is conveyed 350 
miles to the Jands it waters at a monstrous cost:—Supposing the land in 
the centre of the Delta is 50 feet above the bed of the river nearest to 
it, and that the full of the country is 1} feet a mile in a certain part 
(the actual full is about 8 feeta mile near Roorkee, diminishing to about 
a foot at Allahabad), it is evident that, if the water is first raised 15 feet 
by a weir across the river, and then carried by a canal with a fall of 4 foot 
a mile, gaining 1} feet per mile upon the river, such a canal would 
only be carried 28 miles before it would have attained to the level of 
the land in the centre of the Doab, where it would command the 
whole tract, and might afterwards be carried along the water-shed, 
thus,— 

Feet. 
50 
15 


35 


Total difference of level between river and Jand 
Height gained by weir . 








Height gained by canal having a less slope than the 
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In this case, therefore, instead of bringing the water, suppose 250 miles 
from Iurdwar to 100 miles above Cawnpoor, it would only have been 
conveyed 28 miles, and thert would have been a saving of 225 miles of 
canal against the construction of a weir. The cost of the latter might 
be 5 lacs, and that of an excavation of, suppose, 50 square yards of 
section, say at 14 annas per cubic yard, or 9, 000 rupees a mile, would 
bo, for 225 sale 20 lacs; but the difference of cost would only be a part 
of the advantage; it would provide for a large additional supply of water 
beyond what could be obtained from the present head, for it would secure 
the water draining out of the sands of the river in those 225 miles; 
besides, any flowing into it from the small affluents that enter the river 
in that space. The same might be done with the Jumna, and thus at a 
small cost 3 or 4 times the land might be irrigated that is at present 
provided for. Probably one pr two such additional heads from each of 
the rivers Ganges and Jumna might be cut with advantage. It is to be 
observed that the whole area of the Doab, all available for irrigation, 
is about 10 million acres, of which, say, about half a million acres 
have yet been supplied, and tHe present arrangements would only 
provide for 1} million acres, even if the full supply of 10 feet depth 
were admitted into the canal, while the two river§ would probably 
supply 4 or 5 miljion acres, even when at their lowest, and of course 
the canals should be cut so as to allow of a much greater quantity than 
the lowest supply being conveyed by them. 

There remains also the storing of water to be considered. The 
information I obtained as to sites for large tanks at the foot of the 
Himalayas was not very favourable; but still I have no doubt that 
large quantities of water could be stored there at a practicable cost, 
though not go cheaply as in most parts of India. 

5th. I have already spoken of the necessity for a permanent weir at 
the head of the canal, and of the unaccountable mistake of leaving a 
work that has cost 2} millions imperfectly “ind uncertainly supplied 
with water, for want of an expenditure of 30,0002, or 40,0002. There 
seems to be now something like a real impression that such a work 
must now be executed, but it is still put off, apparently under the 
strangest fancy that such a work is one of most serious difficulty, 
though it is nothing to the works of the kind that have been executed 
in Madras in many places, both by natives and Europeans. The 
quantity of water to be discharged over it in extreme floods is about 
25 million cubic yards per hour, while the quantity which has to be 
provided for in the Godavery is 200 millions, and in the Kistnah about 
160 millions, and both these works have been exeeuted without any 
serious difficulty. The officers at the head of the P. W. D. of India 
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In the meantime, what with the uncertainty of the supply, and the 
dangerous state of some of the weirs and other works, this most impor- 
tant work is in the most imminent danger ef becoming a failure, and a 
terrible obstacle to similar works. One season has been already entirely 
lost from the necessity of shutting the water out of the canal, and it can 
only be kept open this year with very great anxiety lest some of the 
weirs should fail entirely. Not 2 moment should be lost in taking the 
works in hand with decision that are necessary to put the project in a 
safe and effective state. 

With respect to the minor mistakes I have mentioned :—1st. The 
weirs across the canal being made of a length corresponding to the 
breadth of the canal, I have already shown the evils arising from this ; 
besides that they have cost more than double what they would have 
done, had they been made of the proper length. 

2nd, The placing the weirs in the direct Jine of the canal, and 
cutting channels with locks in them on one side of the main canal for 
the navigation. ‘There is no reason for this; the navigation was the 
thing to be cared for; it was a matter #f no consequence that the water 
should be led round by a circuitous course. The boats now have to 
get out of the current which leads direct to the weirs, and to turn into 
the side channel, and of course not without danger. Some boats have 
thus been carried over the falls, and several lives ha¥e been lost, This 
should now be corrected, at least below Roorkee, by making new weirs 
out of the line of the canal; the present dangerous state of the weirs 
at any rate makes this imperative, and it is only by building them out 
of the main line that the canal can be kept in use while they are under 
construction. i 

8rd. The great fall in the bed of the canal, 1} to 1 foot per mile, 
which, with a depth of 10 feet, would give a current of 2? or 3 miles 
an hour, which is too much both for the bed and sides of the canal, 
and for the navigation. The sides of the canal have in several places 
been cut by the current, and the bed, especially at the bridges, dan- 
gerously deepened. It is absolutely necessary to diminish the slope by 
building additional weirs; and as there is nothing to prevent a much 
greater depth than 10 feet being admitted into the canal, and it is clear 
waste to admit into it less than it can carry, the slope should be reduced 
to a very moderate rate. If 18 feet of water is admitted, which I 
believe the banks will abundantly allow of in a great part of the length, 
the slope should not exceed 3 inches per mile, which would give a 
current of about 13 miles, or 3,000 yards per hour, and I think more 
than this cannot be allowed with safety to the sides, and without 
serious inconvenience to the traffic. In fact I am of opinion that that 
current is the outside of what can be allowed, so as to make the navi- 
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There remains the question of entirely correcting the level of the 
bed by cutting and fitting in from weir to weir. This is not, perhaps, 
absolutely necessary, but ¢t would not be very expensive. For 
instance, suppose in the lower part, where the slope of the country and 
of the bed is about 1 foot, and it would have to be reduced by 9 inches, 
it would require that weirs 12 feet high should be placed at every 16 
miles, or if, as there would be less depth of water in this part, a slope 
of 6 inches were allowed, they would be required at every 24 miles. 

It seems certain that the greater traffic will be down stream, and in 
such a case there is a decided advantage in having a certain current, 
Jn the upper part, at all events, the main traflic will be down; it will 
consist there chiefly of timber, firewood, and stone; the grain and other 
produce will of course increase from the upper to the lower end, and at 
the latter it will certainly be enormous. The up-traffic will indeed be 
very great at the lower end, in salt, coal, and rice, and this will 
diminish towards the upper end. The other traffic will of course be 
small compared with these items, The passenger traflic will be equal 

-— . * 

up and down, but of course regularly increasing towards the lower end. 
It must, however, be remembered, that when this navigation is con- 
nected with lateral lines, as in Oude, &c., many more and unexpected 
items of transit will be brought upon the line which cannot now be 
estimated. As thé passenger traffic will probably be chiefly by steam, 
with speeds of 5 miles and upwards, the current will not so much 
affect that. I am inclined to think that it will be well to give one side 
of these canals a very long slope, 8 or 4 to 1, which will allow of 
the up-traffic getting almost entirely out of the current. Thus a boat 
drawing 4 feet would be in a current of only half of that of the 
centre of the stream,'or about three-quarters of a mile per hour. The 
additional expense of this would not be very great, and I think it would 
be a great benefit to the navigation, 

Of course, if a great depth of water is allowed in the canal, there 
must be a proportionately reduced slope of the bed, the depth of water 
and the fall per mile equally affecting the current; that is, a depth of 
18 feet, with a fall per mile of 4 foot, and a depth of 9 feet with 
a fall of § foot, would each give a current of about 3,000 yards, 
or 1} miles in the middle. The object in proposing so great a depth 
as the former is merely to take advantage of the enormous excava- 
tion which has been made; it would certainly entail a greater number 
of weirs in reducing the slope of } foot, the cost of which (and the 
more frequent interruptions from locks) must be set against the gain 
of additional water. Had the original mistake not have been com- 
mitted, of course the proper“plan would have been to make the 
embankments further apart, and then to have a less depth of water. 
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that a slope of 3 foot.might have been allowed, which would have 
made a difference, compared with } foot, of 240 feet between Hurdwar 
and Allahabad (480 miles at 3 foot), or of 24 locks, with 10 feet lift, 
one less in every 20 miles, 

4th. The termination of the canal at Cawnpoor, instead of its 
being carried on 120 miles to Allahabad. This is a most serious 
mistake as respects the navigation, even if the irrigation were not 
carried below the first place. There is not one single obstacle of the 
smallest kind along this whole line; the rails are laid throughout 
almost on the surface of the ground, and very nearly in a straight line. 
The excavation, therefore, for a canal would be of the most insig- 
nificant kind. If it were made on a dead level, the fall being about a 
foot a mile, there would be 10 locks of 12 feet lift each, or one every 
12 miles; the least excavation for a capal 40 yards broad, and 9 feet 
deep, would be about 60 square yards, to make two embankments 
24 yards high, the excavation being 14 feet deep, and the greatest 
excavation would be just below a lock 40 x 5, or 200 square yards, 
and the average about 140 square yars, which at 1 § annas per cubic 
yard, would give 24,000 rupees per mile, besides locks and bridges; the 
former would cost about 30,000 rupees each, or 2,500‘fupees a mile. But 
the cost might be greatly reduced by making the lgcks more frequent, 
with a smaller lift, as the excavation would then be greatly reduced, 
and it must be remembered that the interruption from locks is very 
insignificant, if they are made with ample water passages so as to fill 
or empty in one minute. If the locks had a lift of only 6 feet 
instead of 12, the greatest excavation would be only 160 square 
yards and the average about 110, or the cost 18,000 rupees a mile. 
‘This provides for a very large canal 40 yards broad, and also supposes 
that no irrigation is provided for. But it would, no doubt, be better 
to irrigate from this part of the canal, as the giving the water a current 
would not increase the cost. Small weirs would be required, but 
fewer locks. 

With this continuation of the canal, thus conveying the traffic into 
the Ganges at the confluence of the Jumna, the value of the upper 
canal for navigation would be prodigiously increased, and the returns 
from tolls accordingly. If the extension cost 25,000 rupees a mile in 
all, a net toll of 4 pice per ton, and per head, would require a traffic 
of half a million tons, and half a million passengers, to give a return 
of 10 per cent. on navigation alone, and I feel confident that the traffic 
would soon equal that. If the Soane or the Oude projects are carried 
out, of course “this line would be connected with them by aqueducts 
across the Ganges and Jumna, and a vast impulse would thus be given 
to the traffic on the Ganges canal. 
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5th. The continuation of the slope of the canal quite to the end at 
Cawnpoor. The consequence of this has been a ‘Continual cry that 
water could not be spared for navigation. No water is required for 
navigation, excepting for lockage, which is insignificant, and for 
evaporation, which on a canal 40 yards broad is about an’ average of 
2 cubic yards per hour per mile, a matter of no consequence. The only 
thing that is required in combining navigation with irrigation is to 
reduce the line of the canal, below where the irrigation ceases, to levels 
by locks. If the last 80 or 40 miles above Cawnpoor had been thus 
reduced to levels by three or four locks, no flowing water would have 
been required. 

6th. The low bridges. Only 7 or 8 feet of headway had been 
allowed, a most serious obstacle to navigation, especially to steamers. 
The remedy for this is to cuside channels at all the present bridges 
with higher arches, or rather, perhaps, with girders. About 10,000 rs. 
each would probably provide for girder bridges with a span of 45 feet, 
allowing of two boats passing each other under them, with the excava- 
tion. The channels should lead ff from the present canal at extremely 
easy slopes, so as to offer no inconvenience to the navigation, supposing 
there are 120 bridges on the canal. This correction Would cost about 
12 lacs, It would not interrupt the use of the canal, and with girders 
the whole could “be done in a few months. This is absolutely neces- 
sary. The present state of the bridges is almost destructive of 
navigation, especially of steamer-passenger traffic. 

7th. The towing-paths not being carried under the bridges. This 
will be corrected by the side bridges above proposed. 

8th, The sharp curves in the lock channels. This must be corrected 
in the present lock channels by lengthening them, which can be done 
at no great expense. When additional weirs are constructed, as they 
will be placed out of the line of the main canal, the new locks should 
be placed close to the side of the latter, so that they may be built 
without closing the canal, but with a very slight deviation from the 
straight line of the canal. 

9th. The disposal of the silt. I think this should be expressly 
provided for in all such works in future. If water flowing at 5 or 6 
miles an hour be admitted into a canal, and its current reduced to 
2 or 3, the greater part of the suspended silt is of course rapidly 
deposited, and most of this is simply barren sand, which is very 
injurious to the land. 

10th. The want of cross lines of navigation to connect the different 
branches of the canal. This is a great defect, and it can be remedied 
ata small cost. The whole breadth of the Doab is small, and level 
lines could be selected to lead from one branch ‘fo another without any 
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difficulty. It is evident that if to get from one side of the Doab to 
another—suppose 40 miles—they have to go 250 miles up one branch, 
and 200 down another, it is a most untecessary evil. A few crosa 
lines can be cut for a trifle so as completely to remedy this. 

11th. The Solani aqueduct—This cannot now be corrected, as 
the money has been spent, but the consideration of the subject is of 
great importance in its bearizfg on the cost of irrigation works. The 
dimensions of the earthen canal were decided upon the basis of the 
cursent that earth could bear; it was allowed in this case to be 3 miles 
an hour. Wfhe dimensions of the masonry aqueduct were then made 
exactly the same. Why? In passing water through masonry we are 
not restricted to 3 miles an hour. ‘The water passes through the lock 
passages at, perhaps, 10 or 15 miles an hour, or more. It is evident 
that the water might have been sent through the aqueduct at three or 
four times the rate that it passes along the earthen canal; and hence 
that a work of one-third or one-fourth the width of the canal would 
have been sufficient, In Tanjore we never think of making masonry 
Hqueducts of the same dimensions as the channels that lead to them. 
The Solani aqueduct is 250 yards long, so that a fall through it of 
1} feet, equal to12 feet a mile, would have given a velocity of 9 miles 
an hour, or three times that of the canal; and have consequently 
reduced the breadth of the work to one-third, and consequently the 
cost to little more than one-third: a “saving of, I believe, 9 lacs. 
‘The navigation, of course, is small at this extreme point of the canal, 
but it might have been provided for, either by heaving the boats 
through by means of crates worked by men or cattle, as is done in the 
rapids of the Wye, and other rivers in England, or by making a 
separate chamber of the breadth of the locks, 16 feet, with gates to it. 
Even with this latter arrangement, the breadth of the aqueduct need 
not have been above 25 yards instead of 66; but probably the first 
plan would have answered the purpose, making it 6 yards narrower. 
In this way about 100,0002. might have been saved in this work, 
Again, in the same way, the water of the stream which it crosses, 
passes through it at a moderate velocity. But it would have been 
much cheaper to have strengthened it by an apron, &c., so as to have 
allowed of the water passing through it at, perhaps, double that 
velocity. In the Gunnarum aqueduct in the Godaveri delta, the 
water of the river rises 5 feet over the crowns of the arches, and is 
discharged through it at a great velocity, the bed of the river being 
secured by rubble masonry and loose stone. In this way the Solani 
aqueduct might have been made, perhaps, half the length it is, which, 
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proportionately reduced the time of construction. Now, whether an 
irrigation work is executed for 15 lacs or 3, and whether it takes 
1 year or 5 years to construdt, make the difference oftwhether it yields 
25 per cent. from the first year, or 5 per cent. after 5 years. It is 
evident that upon such things as these depends whether such works are 
an immense success or a partial or a complete failure. 

In building a bridge, an aqueduct, or a weir, the simple question 
is, how can a certain quantity of water be passed through ‘or over at 
the least cost, viz., whether by a work with of suppose a certain length, 
or a stronger one of suppose half that Jength. ‘This is the point. 
Now in the case of the Kistna Anicut, we have proof that we can 
discharge an enormous quantity of water over a short weir, about 
200 million cubic yards per hour over one of 1,100 yards, or 180,000 
cubic yards per yard of length, and in the Gunnarum aqueduct we 
have a proof at how high a velocity water may be discharged through 
a bridge or aqueduct with safety. 

12th. The narrowness of the canal near Cawnpoor.—This is out of 
all proportion to the traffic that fhere would be if the navigation were 
in an effective state. Iam inclined to think that none of the main 
canals situated like this, in the heart of the valley of the Ganges, ought 
to be loss than 80 yards in breadth, to allow of the free passage of fast 
steamers, and very numerous cargo boats. They might, of course, be 
narrower as the distance from Calcutta increased. It would, perhaps, 
not be necessary to increase the breadth “Of this part of the canal by 
excavation, but merely by raising the locks and weirs so as to fill the 
present excavation to a greater depth, as the water at present stands 
many fect below the top of the embankments. 

18th. The steepness of the slopes of the sides of the canal.—This 
can be easily corrected. If the canal is filled much above its present 
level, the earth might be merely thrown down into the channel, but 
even if it had to be carried over to the back of the embankments, it 
would not be very expensive. At present there is a continual cry 
against a ripple on the banks, and a senseless denunciation of steamers 
ona canal; if a canal is not made to bear this kind of thing, it is 
utterly inefficient. An effective navigation, whether for goods or 
passengers, ought of course to be quite able to bear a ripple on the 
banks. For this the banks should have a geod slope, and if necessary 
for a yard above and a yard below the surface of the water; the slope 
should be covered with loose stones, which can be done at a trifling 
cost. Suppose, for instance, 2 yards’ breadth on cach side, with a 
thickness of 1 foot, this would require 2,400 cubic yards, or 3,000 tons 
per mile, which might cost on the Ganges canal, if carried on an average 
200 miles, 3,000 rupces a mile; but I do not think this would be neces- 
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sary unless the banks-were of mere sand. In a canal of 30 yards 
broad and upwards, it is evident that it would bea matter of very little 
consequence if the‘Slope of the sides near the water’s edge were reduced 
to a slope of 5 or 6 to 1 by the ripple. It is only in the small canals 
in England, where there is not a foot to spare, and which were not made 
to bear the slightest ripple, that this is a serious matter. 
14th. Incredible as it may appear, after constructing pairs of locks 
to connect the canal with the river at Cawnpoor, as if to provide for a 
yast traffic, the actual passage of boats from one to the other has been 
“systematically obstructed, first by forbidding it, then by heavy fines for 
slight injury to the plastering, and lately by allowing the lock gates to 
Get out of repair, so that the boats could not pass through. From first 
to last, there seems to have been the strangest misapprehension of the 
importance of the line of navigation, notwithstanding that a great 
expense has been incurred in locks, Lord Ellenborough indeed wrote 
a minute dwelling upon the importance of the navigation, but I have 
never been able to obtain a sight of it; it was written about A's fia. a 
“Of course every possible facility shouldbe given for boats going from the ‘i 
canal into the river, or the contrary. Their not being allowed to do 80, 
probably at once" stops § of the traffic. Tow so great an absurdity ag 
the allowing the slightest obstacle to this to remajn could have been 
permitted, is inexplicable. * 


TO 


* T have spoken of the flowing of streams to the Sea, 4s a partial image of the 
action of wealth. The popular cconomist thinks himself wise in having discovered 
that wealth, or the forms of property in general, must go where they are required ; 
that where demand is, supply must follow. Ie further declares that this course of 
demand and supply cannot be forbidden by human laws, Precisely in the same 
Sense, and with the same certainty, the waters of the world go where they are 
required—where the land falls the water flows. The course neither of clouds nor 
rivers can be forbidden by human will, But the disposition and administration of 
them can be altered by human forethought. Whether the stream shall be a curse 
or a blessing depends upon man’s labour and adninistering intelligence. For 
centuries after centuries, Great districts of the world, rich in soil, and favoured in 
climate, have lain desert under thefage of their own rivers, not only desert. but 
plague-strack. The stream which, rightly directed, would have flowed in soft 
irrigation from field to field, would haye purified the air, given food to man ant 
beast, and carried their burdens for them on its bosom, now overwhelms the plain, 
and poisons the wind—its breath pestilence, and its work famine, In like manner 
the wealth goes “where it is required; ” no human laws can withstand its flow. 
They can only guide it 3 but this the leading trench and guiding mound can do so 
thoroughly that it shall become water of life, the riches of the land of wisdom,t or, 
on the contrary, by leaving it to its own lawless flow, they may make it what 
has too often been, “the last and deadliest of national plagues, water of. Marah, the 
Water which feeds the roots of all evil,” 


+ Length of days in her richt hand fn keciaesk. 


“62 


What I consider, therefore, is required to bring this most important 
work to completion, and tg make it thoroughly effective, both for 
irrigation and navigation, as well as to obtain from it ample direct 
returns in money, is as follows:— 

Ist, To form a new head with a permanent weir below the con- 
fluence of the Solani, through which the main supply of the canal 
would be received, leaving only a small quantity to be admitted by the 
present head, just enough to keep up the navigation to Hurdwar, and 
no more than the present works in that part of its course will bedr. 

2nd. To make such small alterations to the weirs, &c. there, as 
may be necessary to make them quite secure under the moderate force 
to which they will then be exposed. Perhaps about 3 feet of water 
will be sufficient to allow to flow down that part of the canal, giving a 
current of about 12 miles. ° 

8rd. To construct new weirs below the new head of stone, and out 
of the main line of the canal, instead of the present” brick ones. 

4th. To add such additional weirs with locks as shall reduce the 
bed to a slope of from one quarter to one-half foot per mile, so as to 
keep the current within 13 miles, and at the same jime allow of the 
canal being filled as high as the banks will admit, so as to make full 
use of the present’excavation. i 

5th. To increase the slopes of thé”banks so that they shall not be 
liable to injury from ripple, and at the same time allow of boats, when 
ascending, to keep in shallow water, and avoid the strength of the 
current. 

6th. To form a large basin near the heads of the canal, through 
which the water will flow at not more than 1 mile an hour, for a mile 
or two, and thus deposit all its heavy silt, which may be removed by 
dredges constantly at work there without interrupting either irrigation 
or navigation. 

7th. To construct new bridges of one span of about 40 feet, as a 
continuation of each of the present bridges, just out of the line of the 
present canal, of sufficient height to admit of free navigation, with a 
headway of 12 or 15 feet. 

8th. To correct the present sharp curves in the lock channels. 

9th. To put the connection with the river at Cawnpoor in perfect 
order. 

10th. To extend the canal to Allahabad, both for irrigation and 
navigation, both locking down into the river there also, and carrying it 
over the Jumna and Ganges by aqueducts to connect it with canals if 
constructed beyond those rivers. ‘. 

11th. To form additional heads, with permanent weirs, both in the 
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additional water into the lower parts of the canal. The weir near the 
Solani will-afford a larger supply than ong in Hurdwar would in the 
lowest season, because additional water drains out of the sands in the 
intermediate bed of the river, and again 2 preat additional supply will 
be obtained by weirs 200 or 300 miles lower down. But I would by 
no means restrict the supply jn the canal to the lowest quantity in the 
river; there is plenty of time to secure a crop between the conclusion 
of the monsoon and the time of the lowest supply, which is in March, 
so that a much larger area may be watered than the lowest supply 
would provide for. The quantity as yet admitted has been only about 
700,000 cubic yards per hour; the quantity in the river at the loweat 
below the Solani is more than a million, and probably half a million 
more may be admitted with advantage when there is so Yuch in the 
river, and about a million’ more may be*probably obtained from each 
of the lower weirs, making in all 43 millions, or six times as much as 
has yet been admitted, and about twenty-five times as much as has yet 
~been used; and as 800,000 acres have been already irrigated, this 

would provide for 7} millions of acres, the total area of the Doab 
being 10 million acres, of which about acres are already 
watered by the Eastern Jumna canal. 

12th. The country at the foot of the Himalayas should be examined 
for sites for tanks, to provide. ~ ther additional supply of water in the 
cold season, From such informatyen as I could obtain, I conclude that 
that tract is not very favourable for this purpose, but gtill I think it 
will be found that water can be stored there at a practicable expense, 
If an acre can be Watered for one crop by 1,500 cubic yauds of water, 
and the water rate for a single crop is 1 rupee, it is evident that water 
stored at a cost of 1 rupee for 300 cubic yards will yield a return of 
20 per cent. Mag no other expenses will be incurred in making use of 
it, excepting a very little for the small branch channels of distribution, 
all the other channels being supposed to be made of a capacity to 
convey a larger body of water than the river supplies when at its lowest, 
The above cost would be 3,300 rupees per million cubic yards, whereas 
we estimate that in favourable sites water may be stored at 500 rupees 
per million, and lower, so that there is abundance of margin in the 
above cost, and this arrangement may be made for a vast extension of 
irrigation, and the canals ought to be made of great capacity to provide 
for the time when abundance of water may be stored. 

18th. To cut cross lines of canal connecting the different branches 
at several points; and especially to cut lines which shall bring the 
traffic from the various parts of the Doab as direct as possible to all 
the reat Cities, Agra, Delhi, &c. The navigation of this tract will be 
very imperfect without these.,, 
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14th. To cnt long canal basins, skirting. the cities of Cawnpoor, 
Allahabad, &., so as to allow of goods and passengers being landed 
opposite to all points of them, instead of having only ene square basin 
which will oblige the goods, &e., to hg carried ‘a long way through the 
streets, , 

1ith. To cut the distributing and drainage channels for the ex- 
tended irrigation. 


The following would then be a rough estimate of ‘thus completing 
the project:— 
















£ 

New head and weirs near the Solani ins 100,000 
Correcting the present works above that point 20,000 
New stone weirs on the canal below, instead of the present 

ones . i . 5,000 
Additional y weirs and looks to diminish the slope of the “canal 

to Cawnpoor....rsse we 100,000. 
Sloping the banks of the wholo Cana? 700 miles ‘at “3000. 210,050 — 
Silt basins near the heads of the cana... 5,060 


New bridges with more headway; 150 at 8,000 rupees cach 120,000 




























Correcting the present lock channels .... 5,000 - 

Iterations at Cawnpoor / 10,000 

Extension to Allahabad; 120 miles! © 75,0002. a miley... 800,000 
Additional heads, with weirs on the Ganges and Jumnd, 2h) 

or 800 rates below the Solani.nerse 200,000 
Storing wat@f for 2 million acres, at 1,000 cubic yards pe 

acre; 25000 million cubic yards at 2001. ..... 400,000 

200 miles of) cross canals at 1,0001. 200,000 
_ Distributing and draining channels for 7 million acres at ik 

rupees an acre 1,050,000 

Total COBt. snes 5,025,000 

Or, per RETO rcatiahanriaccanie 6 
Deduct already expended 2,300,000 
Additional capital required .. .. 2,700,000 








This would probably fala, at least, 2,000 miles. of first-class 
navigation. 
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A VALEDICTORY NOTH, 


Iy concluding my first reply to Sir Arthuy Cotton’s s0- 
called private memorandum, I remarked that “here, as 
far as I am concerned, the matter drops,” and I had 
hoped that with that one effusion of mine the contro- 
versy, so far as I was concerned, would end. When 
writing thus, I had forgotten that ‘the beginning of strife 
is as when one letteth out” (or letteth in) “ water.” 
The engineer who, on a recent occasion to which I need 
not more pointedly refer, allowed water to be let into an 
imperfectly finished canal, did not, of course, foresee the 
consequences in the destruction of the banks which his 
skill had constructed to restrain it; neither did I, when 
permitting myself to be dragged into this controversy, 
expect that it would carry me three times as far as I 
bargained for. But Sir Arthur Cotton’s late pamphlet 
compels me to say a few valedictory words, which, though 
I call them by that name, will scarcely, I fear, exert a 
very pacifying influence. What I have to say will be 
confined to two points, hich are involved in two pas- 
1—2 
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sages in my last pamphlet, which Sir Arthur Cotton” is 
pleased to characterize in no measured terms.* 

The first is that where I quote the late Colonel Baird 
Smith’s assertion that Sir Arthur Cotton’s original esti- 
mates for the Coleroon works were, as subsequently 
avowed, made designedly lower than they ought to have 
been, with a view of inducing Government to commit 
itself to the works. $ 

Upon this extract Sir Arthur Cotton truly remarks 
that it was taken from the middle of a long paragraph, 
wherein Colonel Smith expresses the highest admira-_ 
tion of his (Sir Arthur Cotton’s) professional skill, and 
bears the strongest testimony to the efficiency of his 
engineering works. Sir Arthur Cotton then proceeds 
to pronounce Colonel Smith’s assertion to be ‘Wt 
abominable and unfounded personal charge,” entirely of 
his own invention, evincing a strong bias on his part, 
which would lave induced him, if he could only have 
found a pretext, to calumniate those very engineering 
works which he nevertheless did actually so liberally 
eulogize. Very aptly does Sir Arthur Cotton here ob- 
serve parenthetically that ‘“‘ people do not lose their self- 
control till they feel they have lost their cause, ‘and that 





* Any further discussion on the Ganges Canal is useless. So far as 

T can understand, it has resolved itself into the following :— 
Ist. The expediency, financially speaking, of constructing dams on 

the Ganges and Jumna in their trough regions. 

Qnd. The practicability of combining navigation and irrigation in 
canals, whether in Madras or in the North-Western Provinces. 
Sir Arthur Cotton and I are, on both these questions, diametrically 
opposed to each other. From further discussion between us nothing can 
be gained. Dams are “not likely to be built in the trough regions of the 
North-West, and we, therefore, have little chance‘of practical experience 
on the subject ; and although I have no doubt that the irrigation-cum- 
navigation problem will ultimately be found as difficult to solve in 
Madras as it has been in the North- ‘Western Provinces, still to forestal 
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‘it is only desperation and the want of weightier missiles 
that drives gentlemen to throw mere dirt.” Some such 
desperation it was, apparently, which drove Sir Arthur 
Cotton to declare it to be evident that to accuse an 
officer of falsehood without supporting the assertion by 
proof is wrong, and that for another to repeat it is in 
one degree worse. With all deference to go strict a 
précisian in morals, I would venture to suggest that 
what is really wrong, is rather to accuse a deceased 
brother officer of what is incapable of proof, as Sir 
Arthur Cotton does when he says ‘he is certain that 
Colonel Baird Smith never saw*or heard made by any 
one else,’’ a statement which, Colonel Smith in no 
_ambiguous terms assures us, did not originate with 
himself. No one who knew* the late Colonel Baird 
Smith can doubt that, were he still living, he could 
readily point to his informant, and that it was only 
because he supposed himself to be speaking of a fact 
perfectly notorious, that he abstained from bringing his 
evidence forward. Now, however, Sir Arthur Cotton 
protests that the statement was simply a pure invention, 
and adds that I, for repeating it, am worse than the 
inventor. I might, perhaps, sufficiently excuse myself 
by pleading that it is eight years ago since the statement 
in question appeared in print, and that Sir Arthur Cotton, 
although he complacently swallowed the praise with which 
it was surrounded, has till now allowed it to remain un- 
contradicted. I do not think that I am much to be 
blamed, because, in common with others, I mistook this 
reticence for confession. Sir Arthur Cotton, however, 
at length gives us to understand that his silence arose, 
not from the consciousness of guilt, but from the pride 
‘of injured innocence; and I cannot hesitate to accept 
his explanation. Henceforward, then, craving for- 


6 


Sir Arthur Cotton’s erroneous estimates for the Cole- 
roon, Godaveri, and other works were put forward ~in 
good faith, and that uf setting down at less than half its 
real amount the expenditure to which he was thereby 
committing his employers, he was merely making the 
same sort of professional blufders as those recently 
committed on certain works of the Madras Irrigation 
Company; which, however, seeing that they have been 
undertaken under his auspices, Sir Arthur Cotton has, 
with characteristic courage, ventured to make the subject 
of self-glorification. This leads me to the second passage 
in my last pamphlet, to which Sir Arthur Cotton takes 
exception. 

Sir Arthur Cotton had thought proper to contrast 
certain works proposed Wy myself on the Ganges Canal” 
with certain works of the Madras Irrigation Company. 
He says, ‘‘Compare the work now advocated with what 
is now nearly accomplished by the Madras Irrigation 
Company on the Tumbudra river at Kurnool: which 
river is there about 150 feet below the water-shed imme- 
diately south of the confluence of the Tumbudra and 
Kistna. The Company have constructed an anicut or 
weir moré’than 1} miles in length across the river, and 
thus have also nearly completed a canal to carry 400,000 
cubic yards per hour (3200 cubic feet per second) for 
72 miles, through a very difficult, rocky, and undu- 
lating country, including a stone aqueduct across the 
Hindri river of 3800 yards’ length, crossing also 
several small streams, besides a considerable rocky 
cutting through the water-shed itself: and the whole 
of this will have cost, I believe, 200,000/., or say 
250,0001.”’ 

Upon this I remarked that up to April, 1863, nearly 
36 lakhs of rupees, that is to say, 360,000/. sterling, had 
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in the month of August, four months later, was as 
follows :— 

“ Anicut at the Sunkasala Head, incomplete, with 
a breach in it of 80 or 100 feet in width, which the 
engineers were about to attempt to close: on this work 
nearly double the amount of estimate had been expended, 
and it was as yet incomplete. The Hindri aqueduct in- 
cothplete, and all the money of the estimate spent. The 
excavation of 72 miles exceedingly incomplete, no bridges 
built, and in fact very few bridges had been estimated 
for. On 17 miles between the Sunkasala Head and the 
Hindri aqueduct there were no bridges. The embank- 
ments were imperfect and unconsolidated, and great 
damage had been caused by breaches during the rains. 
~ Many miles of the canal had been constructed ‘iintention- 
ally and for egonomy’s sake without any embankments at 
all on its right, the water being allowed to find its own level 
by inundation over the surface of the country ; not much, 
T should say, to the benefit of the people in a sanitary 
point of view.” 

Whereupon Sir Arthur Cotton, forgetting that in 
entering upon his pet Irrigation Company’s domain, I 
had merely followed his guidance, somewhat unreason- 
ably complains of my having travelled out of the public 
path, and judging, no doubt, from his own experience, 
expresses a fear that in so doing I may have soiled 
my hands. It was, he explains, only to certain specified 
works that he referred as likely to cost 200,0002. or 
250,0001., whereas I, who, as a member of the Council of 
India, and of the Committee of Public Works, had no 
excuse for not knowing better, had assumed, as the 
expenditure on those specific works, more than the whole 
of the Irrigation Company’s expenditure on all their 
works. In confirmation of his own accuracy on this 
point. he brines forward the fallowine ctatamant aenmniiad 
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to him by the directors of the Irrigation Company, of 
their expenditure at the time named by me. 

“The total experidituro incurred by the Madras 
Irrigation Company, on the Ist of April, 1863, was 
384,5541, This included preliminary expenses, cost of 
management, stores, &c., connected with the whole 
scheme, the main canal of which is over 600 miles in 
length, and a large quantity of stores was. also then in 
hand, 

“Of this 834,5541. there had on that date been 
expended in and on account of the particular works 
specified by Sir Arthuz Cotton, including a very liberal 
proportion of all general expenditure, 196,0001.” 

This explanation may at first sight seem complete, 
and the ingenuous reader will scarcely conjecture ~in~ 
what way it may be set aside. My reply to it is simply 
that the specific works singled out by Sir Arthur Cotton 
were (with exéeptions almost too insignificant to men- 
tion, though they shall be mentioned), really all the works 
which the Company had—not constructed, for most of 
them are not even now much more than half finished,—- 
but begun to construct on the date in question. This 
will be placed beyond doubt by reference to the directors’ 
report to their shareholders, dated ist May, 1863, 
from which it will be seen that, with the exception of 
some arrangements with contractors and the collection 
of materials for the Somaiswarum anicut, nothing what- 
ever had been done in the way of constructive opera- 
tions beyond the seventy-second mile, the extreme limit of 
Sir Arthur Cotton’s selected works. But further, these 
selected works had, according to the directors’ admission, 
then already cost within 4,000/. of 200,000/.; yet not 
only were they then “unfinished, but not even now do 
the directors (see their report dated May, 1864,) venture 
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aqueduct, the most difficult and expensive of all, still 
wants one-third of its intended breadth. Who can doubt 
that by the time when everythirtg is complete to the 
seventy-second mile, the expenditure upon that part of the 
Company’s work will be at least twice as much as it was 
in April, 1868, or more nearly 400,000/. than either the 
200,0001. or 250,000. of Sir A. Cotton’s estimate, or 
the’ 360,0001. assigned by myself? But next, with refer- 
ence to the very low figure to which the directors limit 
the expenditure up to April, 1863, on Sir A. Cotton’s 
selected work. Their total expenditure up to date was, 
they admit, 333,554l.—say, 334,900/.—but of this only 
196,000]. had been spent on the works in progress. 
What then had become of the odd 188,000/.? Part had,. 
it Seems, been expended in stotes, of which the directors 
say a large quantity was then on hand; that is to say, 
the stores had not, on the 1st of April, 1868, been 
actually expended on the works in progress. But if 
the stores were purchased for the works then in progress, 
it was strictly accurate to say that the money they cost 
had been spent on those particular works. It would be 
strange casuistry to argue that the price of the bricks 
and mortar which had been bought to build a house, 
had not been spent upon the house, because the house 
was as yet only half finished. What was the value of 
the stores in hand is not stated, but whatever it was, it 
may fairly be added to the rest of the outlay on the 
works specified by Sir Arthur Cotton. Let us, for the 
convenience of round numbers, suppose the value of 
the stores to be 38,000/.; this, added to the 196,0001. 
admitted by the directors, will raise the cost of the 
works in question to 234,000/., leaving a balance of 
100,0001. out of 334,0001. to be accounted for by the 
directors. According to them, it has been spent in pre- 
liminary expenses, cost of management, and in connection 


10 


with portions of their scheme, other than those on which 
the 196,000/. had been expended, ‘‘a very liberal pro- 
portion of all general’ expenditure”’ being, according to 
them, included in the last-named sum. What, then, were 
these other portions of the scheme ? 

There was next to nothing to show upom them at the 
time. What little constructive work had been done, had 
been done above the seventy-second mile. Surely, then, 
it must have been in the ‘‘ general management” of 
these last works that the bulk of the 100,000/. must 
have been expended; and I can have committed no very 
serious error in assuming that it was so, and that, con- 
sequently, the whole of the Company’s expenditure up 
to April, 1863, had been incurred on account of the only 
works of theirs which were at the time in existence. ~ It 
is absurd to suppose, as the directors would seem to do, 
that the cost of management during years already past 
can be distriljated over the operations of future years. 
Every future year will assuredly have its own fully suffi- 
cient expenses“of management, and those expenses will 
be chargeable on the things managed during the year, 
and on no other. I suggest this view of the case on 
behalf of the directors, who, if they will not accept it, 
must explain how, while spending 196,000/. on actual 
work and on the management of that actual work, they 
contrived to expend 100,000/. more in managing some- 
thing else, which, whatever it be, has no tangible or 
visible form. 

So far with regard to the second question, I need 
scarcely say ‘‘ Peccavi.’’ Yet I have intimated that there 
are two points respecting which I feel called upon to 
excuse myself; and I proceed to confess in what consists 
my second error. I said that the expenditure of the 
Madras Irrigation Company ‘ up to April’’ was nearly 
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it as only 334,000. My explanation is that I had in 
view the period to the end of April, or the close of the 
oficial year; to the date, in fatt, when the annual 
accounts are closed, and when the cash expended and the 
work done are made to confront each other—whereas the 
statement of-the“directors applies to the period ending 
with the 31st March. The difference of a month between 
us ‘will sufficiently account for the difference of our 
figures. 

Having had considerable doubt whether I should go 
on with this controversy, to which there appears to be no 
end, I have delayed taking any steps in the matter ; “but 
it struck me that the two points above alluded to required 
some notice, short as it might be. It will be seen that I 
have limited myself to the smailest space, and have tried 
the patience of my readers as little as I possibly could. 
With these few words I resign my pen into the hands of 
Sir Arthur Cotton. 


November 1st, 1864. 


POSTSCRIPT. 


° 830th November, 1864. 

I wap written so far, and was, indeed, on the point 
of sending my manuscript to the printer’s, when an 
article appeared in the Fimes, which led me for a While 
to suspend my purpose. I was at first mute with 
astonishment, that the Jupiter”of the press should have 
suffered its tightnings to be wielded by an avowed 
partizan in a private discussion, of whose merits it 
evidently knew as little as it cared; and I felt, besides, 
that there was little chance of my voice .being listened 
to until the echoes of the thunder had subsided. I 
had no intention, however, of remaining silent under 
the misrepresentations of an anonymous assailant, simply. 
because he was allowed to shelter himself behind the 
wgis of the Times. On the contrary, it is principally 
because his perversions of the truth have been igno- 
rantly endorsed by so high an authority, that I think 
it worth while—as I now proceed to do—briefly and 
seriatim to expose them. 

But before examining in order the specifie charges 
brought against me by my anonymous critic, I must 
refer for a moment to his comparison between the 
returns of between 50 and 100 per cent. on their cost, 
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Madras presidency constructed under the auspices of 
Sir Arthur Cotton, and the 3 per cent. which is all 
that he vouchsafes to the Ganges Canal. Every one 
who knows anything of the matter, knows perfectly well 
that the real explanation of this enormous difference 
lies rather in the fact that Sir A! Cotton and his advo- 
cate attribute to. his hydraulic works the whole increase 
which has taken place in the land revenue of the neigh- 
bourhood since“his works were planned, whereas in 
North-Western India the revenue set down to the account 
of irrigation consists merely of the amount of the very 
low water-cess paid by the cultivators.* In the North- 
West the land revenue has been fixed for a term of thirty 
years. At the end of that period it will, no doubt, be 
largely increased, anid all the credit of the increase derived 
from irrigated land may, according to Sir A. Cotton’s 
principles and practice, be claimed for the canals that 
irrigate them. When this has been done, I shall not 
object to have the Ganges Canal placed in comparison 
with those of the Godavery and Kistnah. And here, 
since I am provoked in self-defence to follow Sir A. 
Cotton’s example of self-commendation, I shall take Teave 
to refer to the report made to his Government by the 
late superintendent-general of irrigation, Colonel Turnbull, 
on the beneficial influence of the Ganges Canal during 
the famine year of 1860—the very year which, according 
to my critic, proved the utter inefficiency of the Canal. 
It covered, says Colonel Turnbull, with cultivation 600 
square miles, which must otherwise have been parched 
with drought, and enabled them to produce grain enough 
to maintain nearly 1,400,000 human beings during an 





* In the North-West the water-cess does not on an average exceed 
one rupee per acre. To show how very far this is below the value of 
the water to the cultivator, I may mention that four rupees is the rate 
which the Madras Irrigation Company are authorized to charge. 
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entire year, besides saving Government from the neces- 
sity of making remissions of revenue to the extent of at 
least 200,0007. This was done by a canal which the 
Times allows its readers to be told has paid only 
3 per cent. 7 

Coming now to the nineteen mistakes which I am 
said to have committed in the construction of the Canal, 
the first and foremost I find to be the omission to make a 
permanent dam across the river at the Canal’s head, so as 
to secure a supply of water. “ My reply is, that as long as 
I remained in India, and for some years afterwards, as 
much water as the unseasoned Canal could safely bear, 
could be admitted into it without the aid of a permanent 
dam. I foresaw that such a work might eventually be 
necessary, but I wishede as long as possible to Sive 
Government the large outlay it would demand. Whether 
the construction of the dam has since been too long 
delayed, is a question which it does not become me to 
answer. 

My next mistake is said to have been that of cutting 
the whole Canal too deep, thereby not merely wasting 
monty in needless excavation, but penetrating into a 
sandy stratum, through which the water of the Canal has 
leaked, thereby flooding all the contiguous country 
with stagnant water. Sir Arthur Cotton would have 
preferred carrying the Canal between embankments 
raised above the level of the adjoining land. I need 
only say in reply, first, that to have brought earth for 
such embankments from the requisite distance would 
have cost much more than what are termed my unne- 
cessary excavations; and, secondly, that although the 
upper strata through which the Canal is cut are for the 
most part comparatively water-tight, yet even in them 
patches of sand occur—sometimes a few yards, sometimes 
a few miles in extent,—through which filtration might in 


15 


any case have taken place. In one part where the Canal 
approaches the edge of the low valley of the Ganges, 
leakage through the sandy soil could scarcely be avoided, 
and in that part it has proved a very sensible annoy- 
ance; but as for the flooding of all the contiguous 
country,—risum teneatis amici. ‘The Cottonian imagina- 
tion is singularly prone to the production ef mirage. 

Z may add that, whatever may be the professional 
boldness of Sir Arthur Cotton, no English engineer, with 
the recollection of the Sheffield disaster fresh in his 
mind, would venture to carry a” stream half as wide 
again as Regent-street, and ten.feet deep, through a 
populous country between two rows of earthen embank- 
ments each 350 miles in length, and necessarily composed 
in Many places of loose, friable materials. 

My third mistake is said to have been that of using brick 
for the whole of my masonry works, while the best stone 
for hydraulic purposes was procurable fromthe sub-Hima- 
layas, and while boulders or “ river pebbles,” as Sir Arthur 
calls them, might have been employed. I have vainly 
assured him that such pebbles were largely used by me. 
He tells me plainly that he does not believe me. Ican 
only hope that other readers will be less incredulous when 
I now positively declare that, on the first nine miles of 
the Canal, from two to three-fifths of all masonry work, 
other than arching, is composed of boulders. At one 
time no less than four thousand tons of boulders might 
be seen collected on one spot, for only part of the 
requirements of one single work. As for suitable paving- 
stone being procurable at a cheap rate from the sub- 
Himalayas, the only ground for the supposition is, that 
in the holy city of Hurdwar, at the head of the Canal, 
wealthy nobles and a richly-endowed priesthood have 
Gonsented to pay fancy prices for the materials of palaces, 
temples, and bathing-ghauts, It might as well be argued 
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that Portland stone costs less in London than brick and 
stucco, because St. Paul’s has been built of it. To 
the reviewer's assertion that I have admitted that suit- 
able stone might have been placed on the works at one 
shilling per foot, the shortest reply will be the best: I 
never admitted anything of the sort. 

Fourthly, § am condemned for arranging for the 
admission of all the water into the Canal at its head, 
instead of constructing a second dam, 200 miles or so 
lower down. Sir Arthur Cotton, I presume, estimates 
the cost of introducing the requisite supply of water by 
means of two dams, with a subsidiary canal from the 
second, at less than it would be with one dam only. 
According to my calculation, on the contrary, the expense 
would be greater in the former case. This is, indeed, 
merely matter of opinion, but, as I have shown in the first 
portion of this paper, trustworthiness in estimate-making 
is not Sir Arthur Cotton’s strong point. 

Fifthly, it is objected that all the weirs are of a length 
corresponding with the full breadth of the Canal, instead 
of being only one-third of that breadth, thereby entailing 
not only double cost in construction, but rapid subsequent 
destruction of the weirs. But the weirs are in eight 
distinct portions, and to assert that three openings will 
not stand three-eighths of the whole shock of water, and 
in the same breath to recommend that they should be 

“subjected to the whole shock, is an absurdity of incon- 
sistency which by refuting itself relieves me from the 
trouble of answering it. 

Sixthly, the too great slope of the Canal is referred 
to. That this was a real and serious mistake, I have 
from the commencement of this controversy acknow- 
ledged, believing that I had to do with a generous 
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had no precedent to guide me, no other engineer having 
ever had to deal with such a volume of water. I risked 
something in order to avoid the expense of a number 
of falls fully proportionate to the slope. Experience 
has proved that I risked too much, but the remedy for 
the fault is obvious, and its application will render the 
Canal more secure and effective than if it had been 
constructed on Sir Arthur Cotton’s principles. 

Seventhly, I am charged with mistake in placing 
the weirs in the direct line of the Canal, and cutting 
channels with locks in them on one side of the main 
canal for navigation. Sir A. Cotton would apparently 
have led the greater part of the water round in a curve 
for irrigation, and the remainder in a straight line for 
navigation. Here is involved a purely engineering 
question, on which I should await with confidence the 
verdict of anyreally competent“tribunal, but on which 
a nameless writer in the Times has certainly no vocation 
to pronounce ex cathedrd. 

Bighthly, I.am charged with not having made 
adequate arrangements for the removal of silt. This 
charge is based on a complete misconception of my 
quoted words, but my arrangements for the purpose” in 
question were at any rate less defective than those in the 
canals of the Kistna delta, where the accumulation of silt 
has become so great as to compel the engineers in charge 
to recommend the abandonment of navigation on many 
of them. : 

Ninthly, the charge of needless expenditure on the 
Solani aqueduct is assumed by the reviewer to have 
been admitted by me because I have only once denied 
it, whereas it has been twice urged by Sir Arthur Cotton. 
For the reviewer's satisfaction I will now make the 
balance even by repeating my denial. 

Tha next nine allecations refer to obstacles which my 
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plan of construction is considered to have opposed to 
navigation, and I am specially denounced for having 
presumed to question the practicability of combining 
effective navigation with ‘effective irrigation. All doubts 
on that point are asserted to have been triumphantly 
removed by the experietce of the Rajahmundry canals ; 
but what I have said above in answering the eighth 
charge, shows that these shouts of triumph have bpen 
somewhat premature, and even if the combination in 
question had proved perfectly successful in short delta 
canals, no safe conclusion’could thence be drawn with 
respect to an inland canal 350 miles in length. 

Finally, the course taken by the reviewer in advocating 
Sir A. Cotton’s proposal to construct a dam across the 
sandy bed of the Ganges, t the neglect of which constitutes 
my nineteenth offence, is "peculiar. “The result of the 
discussion,” he says, “seems to be that cut of nineteen 
mistakes asserted to have been made on the Ganges Canal 
by Sir Arthur Cotton, there is only one (referring to the 
dam aforesaid) about whose correctness there can be much 
doubt, and the presumption is that he is right in that 
case also.” This reasoning suggests its own reply, with 
which I shall conclude these my positively last words on 
the whole subject. Sir Arthur Cotton having been shown 
to have been wrong in so many instances, the presumption 
is that he is wrong in this one also, as he certainly is 
when he goes on to assert that adopting the site proposed 
for his dam, and proceeding on the principles he has 
hitherto advocated, he could commence irrigation twelve 
miles from that site. But sometimes he speaks of irri- 
gation commencing fifty, sometimes twelve, miles from 
the dam, with a variableness which very unnecessarily 
inereases previous distrust in the stability of his “esti- 
mates... I accept implicitly his disclaimer of having ever 
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additional proof were needed that his estimates, however 
"well intentioned, are exceedingly apt to be fallacious, it 
would be farnished by his assertion that he could dam 
the Ganges in the way the reviewer commends,. for 
75,0001. This is quite sufficient to show that he knows 
as little of the cost of work ir’ North-Western India, 
as he says I do of the ‘modus operandi in the Madras 
territories. 

One point still remains on which I am desirous of 
setting right those whom my reviewer has misled. 
According to him, Lord Canning, ‘‘ convinced that there 
must be something wrong in the principles on which the 
Ganges Canal was constructed, and that the Madras 
School of Engineers must understand the science of 
hydzaulic works better than their rivals in Bengal, em- 
ployed Colonel Rundall to take a rapid survey of the 
Ganges Canal; and report upon its immediate require- 
ments.” This is the reviewer's account. The simple 
truth is that Colonel Rundall, happening in the winter of 
1861-62, to be at Calcutta on some business of his own, 
or of the East Indian Irrigation Company, his employers, 
was recommended by his brother officers of the Bengal 
corps not to return to his own presidency without visiting 
the Canal. It was Colonel Yule, of theBengal Engineers, 
then Secretary to the Government of India, who got 
Lord Canning’s leave for him to go, and who suggested 
that he should submit a report on the results of his 
observations. 
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Ir seems to mo of the greatest im#fortance to India that 
this subject of irrigation and navigation should be still 
kept before the public, and that everything that can assist 
them to judge of the matter should be placed before them. 
I am, therefore, very glad that another pamphlet has 
appeared from “Sir Proby, and that thus another oppor- 
tunity is given me of meeting what has been®so long said 
and fancied in private, and by many taken for granted, 
because no opportunity was given for hearing the other 
side. I am far more than satisfied with the controversy so 
far, and am quite sure that many have far more correct 
notions on the subject than they once had, through this 
discussion. 

Sir Proby begins his present paper by announcing that 
dams are not likely to be built in the “ trough” regions of 
the North-West, frock which I conclude that he has suc- 
ceeded in obtaining the sanction of the authorities to his 
views so far, “that nothing shall be done about the weir 
below the Solani. They are certainly quite in the right ; 
for the construction of that work would indeed be a dan- 
gerous experiment for them, as it would effectually confirm 
my arguments. However, notwithstanding their determi- 
nation, I fully expect that it will be built before long. I 
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am, therefore, étlicea $6 differ in this also from Sir Proby, 
that “there is little chance of practical experience on this 
“subject.” I feel sure Qhat there will speedily be practical 
experience on this subject. 

He then proceeds to assure us still that “ ultimately 
“the problem of combining irrigation and navigation will 
“ prove as difficult to solve in Rajahmundry as it has been 
“in the North-West.” One would suppose that what had 
been going on with perfect success over about one thou- 
sand miles of canal, ‘some of it for fourteen years, was 
pretty well proved to be practicable! We may require a 
discussion next whether a locomotive can draw a train by 
merely making it fast to %! I wonder whether that opera- 
tion will ultimately prove a herd problem to solve. A 
former Governor of Madras took to himself great credit for 
knowing tha® the Godavery Anicut would not stand, when 
it had stood for five years, and it was still standing, and 
there it is now. . 

How much more it would save men’s character in the 
eyes of the world if in such cases they were to say, “Well, 
“T certainly was mistaken in my former thoughts on this 
“ point.” 

Probably 120,000 boats have passed through the main 
canal since it was opened in 1851, aaphiding 16 passenger 
bouts a day, when I was last on the spot.* 

"The rest of the pamphlet, which purposes to be a reply 


* A return I have just received gives 18,000 boats as passing 
the head of the main Canal last year, the navigation of this 
Canal having thus continued and increased for 14 years, without 
interruption, except occasionally for repairs. The first year, 
there were about 800 boats, and the average tontiage then 
probably not half of the present, so that the traffic has in- 
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to mine, is occupied about Colonel B® Smith’s and his own 
publication of a most absurd ‘statement about me person- 
ally, without one word of proof (Mippily so absurd that 
it carried its own contradietion of the face of it), and on 
the cost of the Toombuddra works. About these things 
there does not seem any necessity for my taking up the 
time of my readers. 

In his pamphlet Sir Proby replies to # paper in the 
Times. On one or two points in this I may as well add 
my remarks, Sir Proby says thatevery one who knows 
anything of the matter, knows perfectly well that the real 
explanation of this enormous difference between the returns 
from the Ganges works and those grom the Godavery works 
lies rather in the fact that “Sir A. Cotton and his advocates 
“attribute to His hydraulic works the whole increase which 
“has taken place in the land revenue of the neighbour- 
“ hood ; whereas in the North-West the revenue set down to ° 
“the account of irrigation, consists merely of the very low 
“‘ water cess paid by the cultivators.” No assertion can be 
more coutrary to fact than this. There is not an individual 
who has inquired at all into these matters that thinks the 
Ganges Canal Works have yielded the same profits as the 
Godavery works, or in any way returned 40 per cent., 
£1,100,000 per annum net, into the treasury. In a letter 
from the Governmer% of the North-West Provinces, dated 
August, 1862, the gross returns from any Canal are - 
stated at £60,000, or about 2 per cent.“fipon the outlay and 
interest, perhaps a little more than covering the expenses, 
and“ if we double this on account of increased land-tax, it 
will give perhaps a net return of £70,000, instead of 
£1,100,000. Nothing can possibly be more distinct than 
the local Governments’ reports upon these works, and those 


“true test of the success of a canal, as far as the Govern- 
“ment is concerned, is found in the returns for the capital 
“expended. The Gangs Canal may, it is hoped will, stand 
“this test hereafter; but tried by it now, it can scarcely be 
“ pronounced successful.” Again,—‘ A beginning has 
“been made during the year under review, and the Lieu- 
“tenant-Governor trusts that the anticipations of the 
“ Superintendent-General in respect to the canal continuing 
“to pay its expenses, and in due time returning a fair 
“profit, may be reaized.” This was written 18 years 
after the commencement of the work, and in the year when 
the Godavery works had paid into the ‘I'reasury more than 
1} times what had bees expended up to that time, Sfter 
- deducting repairs. In the last Report on the Ganges Canal 
that I have, by Colonel Turnbull, that for 1862-8, the 
capital and réceipts are stated to be,— 


Costofworks . . . . . +. + « £2,006,000 
Interest, maintenance, and repairs . . 1,000,000 


Total. . . . 3,007,000 
Gross proceeds up to end of 1862-3. . 260,000 


Balance against the works. . . . . £2,747,000 


And the ordinary expenses and receipts for the year 1862-3 





are— , 
Charges. . . . .. . . £63,000 
Receipts. . . . . . - - 58,000 
Losson the year . . . . . £10,000 


So that, that year,* after spending 2? millions, the works 
did not pay their expenses, according to the accounts. 


* The extension of distribution since that year ought to 
have produced a proportionate increase of returns, but I have 
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But I think from what I have before stated respecting 
the increase of land revenue, which is so absurdly not 
entered in these accounts, that ther@may be really a similar 
sum—viz., £58,000—properly to We credited to the canal, 
and this would leave a net profit for the year of £43,000, 
or 1} per cent. on the capital. This is the-utmost I can 
make out in favour of the works, against £1,100,000, which 
would be the profit at the rate of 40 percent. It must, how- 
ever, be known that the receipts of this year were £17,000 
below the preceding in consequence of the failure of the 
brick weirs, obliging the engineers to shut the canal for 
three months in the midst of the irrigating season; this 
sunwould be an additional 4 per cent. 

I am sure it is impossible we can be wrong in concluding 
from these testimonies of unbiassed persons and from the 
accounts, that this is 8 substantially correct, view of the 
results of the two principles of projection which have been 
adopted in the two Presidencies ; and hence, that the failure 
of the Ganges Canal, though it proves that wrong prin- 
ciples of construction were adopted in the North-West 
provinces, is no argument at all against irrigation and 
navigation; for we have only to adopt the Madras prin- 
ciples of construction in future projects to obtain similar 
results where the country is equally favourable. 

The language ofthe Madras Governor about the irri- 
gation works there, was, “The increasing prosperity of 
the district is most vividly marked in every way.” .... 
“The importation of bullion was £190,000 (in that year). 
- “The present state of the district as compared with its pre- 
“vious state may be briefly summed up as follows—the 
“revenue has been doubled, &c.” This was the same year 
as the above letter of the Governor of the North-West 
And another despatch of the Madras Governor says, in a 
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letter dated 15th May, 1858, “Further, the Government 
“ question, whether, considering the returns from reson 
“works are always con) (iderable, and often immense, &c. ; 

and “that the isrigatiok works be looked upon and prac- 
“tically treated as being—what in fact they are—the most 
“economical, because the most, profitable in which the 
“ Government could possibly engage. It is needless now 
“ again to bring forward the innumerable instances in which 
“money has in this Presidency been most advantageously - 
“invested in irrigation-works.” 

It is impossible to mistake the comparative’ tenor of 
these two opinions of the local Governments on the Ganges 
and on the Madras] Irrigation Works, or that anything could 
be said that would more completely overthrow Sir Proby's 
above-quoted assertion, that there is really no difference 
in the results, of the works, And on the results of the 
Tanjore works separately, the following are extracts from 
the letter of the Madras Board of Revenue, dated 21st May, 
1855—most unexceptionable testimony, also, as coming from 
a body of civilians:—“So that for an outlay of 217,000 
“rupees, the Government have received a clear gain of 
“4,120,000 rupees in 16 years, or a profit of 118 per cent. 
“per annum "—from the very first year; the total being 
nearly 20 times the whole cost of the works! Again— 
“ But this result of the Anicuts, great “nd gratifying as it 
“is, does not comprise all the truth; losses of revenue 
“have been prevented, besides an actual addition being 
“made to the resources of the Government. And the ° 
“people have benefitted by the increased productiveness 
“and value of their lands.” “ Thus, the principal collector, 
“ Mr. Kindersley, when alluding to the disastrous year 1836, 
* observes, “ Without the Anicut, the failure of the crops 
“must have been incalculably greater than it was. Indeed, 
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“from the very nature of the work’ its operation is much 
“more advantageous in a bad year than a good one, and I 
“have not the slightest. doubt tha” the saving it effected in 
“ 1836, when it gave a full river Wat for 68 days, was much 
“ greater than the profit derived from it in 1887, when the 
© river was full for 122 days.” “Inthe 6 years before the 
“ Anicut, the remissions of tax granted for withered rice- 
“crops were, from 1880 to 1835, 848,000 rupees; in 6 
“years after the Anicut, from 1837 to 1852, they were 
“ only 869,000 rupees.” “ Anothe? test of the benefit con- 
“ferred fy the upper Anicut is the value of irrigated land 
“at different periods, The statement prepared by Mr. 
“Forbes supports this fact, by showing that the average 
“price per valy (7 acres) was 82 rupees immediately before 
“the construction of the Anicut, and that it has risen to 
“95, 107, 185, and 174 rupees, in the following quinquen- 
“nial periods’—an increase of 92 rupees per valy, or 18 
rupees (£1 6s.) per acre, which average applied to the 
1,200,000 acres of the Delta, would be more than 1} 
million sterling added to the saleable value of the land 
(equivalent to 74 millions in England, allowing for the 
difference in the value of money, five to one), besides the 118 
per cent. of direct returns to Government. “ An increasing 
“ population, a Governmapt which encourages and protects 
“industry, and a regular revenue administration, must have 
“had some influence on the value of land; but the Board 
“ attributed the rise in its price principally to the improved 
“ irrigation conferred by the Upper Anicut, and Government 
“ expressed its concurrence in this view. The advantages 
“conferred on Tanjore by this work received the following 
“emphatic testimony from the P. Collector, Mr. Kin- 
“dersley, shortly after its construction; and subsequent 
‘experience appears to the Board to confirm its justice :— 
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“<T cannot conclude Without observing that while doubt 
“* appears to be entertained of the advantages of the Ani-~ 
“* gut elsewhere, there i§inot an individual in the province 
who does not consider it the gsoatest blessing ever con~ 
** ferred’ upon it.’ ” 

The above extracts from the letters of the Board of 
Revenue referred to the years 1852-53, when the revenue 
of Tanjore was £485,000. The district has gone on ad- 
vanaing since then, and is now, on the average of the last 
2 years, £636,000, an increase of £150,000 a year, most 
of which is due to the command of water givefl by the 
Anicut, though much money“ was certainly expended in 
detail works required to distribute the water so obtained 

But so perfectly satisfied is Sir Proby himself on this 
point, that in all this discussion he has never’ attempted to 
show that the-Ganges works have as yet really been pro- 
fitable to Government at all. There is certainly no question 
about it. 

In a note Sir Proby says that “in the North-West the 
“ water-cess does not on an average exceed one rupee per 
“acre. To show how very far this is below the value to 
“the cultivator, I may mention that four rupees is the rate 
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“which the Madras Irrigation Company are authorized te 
“charge.” This is a curious ngte. What has the rate 
authorized for the Madras Irrigation Campany to do with 
the comparative profits of the Ganges and Godavery works ° 
The rate per acre on the Godavery is 3 rupees, and Sir 
Proby might have added, for rice, which requires about six 
times as much water as wheat, the crop of the North-West ; 
so that they there sell the water at about double the price 
that is taken on the Godavery.* 


* The Government of India have just ordered the water-ces# 
wo thie ttanmes Clams) Ga ln wosead ta 81 eniane oae mak 
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That the Ganges Canal was of fmmense value in the 
famine is certain, and I have strongly insisted on this in 
my papers, pointing out how it* provided “food for 1} 
“ millions of people, besides the dreans of conveyance for 
“vast quantities brought from other places.” T also in- 
sisted upon the absurdity of taking part of the water-rate 
in the form of land-tax, so that the canal accounts did not 
show the whole of the returns; and I showed from some 
data afforded by Colonel Smith, that probably the aetual 
returns were about double those shown in the accounts, or 
6 per cent. gross, 

But this was not the question. The question was not, 
Had it been of no use at all? bat had it failed in the main 
to effect what it ought to have done through defects in the 
projection ? ‘and was it consequently, in fact, no sound 
argument against the extension of irrigatiom on true prin- 
ciples? Colonel Baird Smith shows that in the famine 
80,000 persons died in one part of the famine tract; that 
the water could not be thrown into the canal at the very 
time when it was most wanted; and that, owing to the 
extreme defects of the navigation, nothing like the use was 
made of the canal for carriage that was wanted; besides 
that it had not made anything like adequate retarns in 
money: and what I have tried to show is, that this is not 
from anything wrokg in the theory of irrigation; but from 
mistakes in reducing the theory to practice in this parti- 
cular instance. Nobody can be less inclined than I an®to 
keep out of sight the incalculable benefits afforded by the 
canal in the famine, or any other fact. My,sole object has 
been to show, by simple arguments drawn from actual results 
obtained in similar situations elsewhere, that these works 
might have been so constructed as both to have been in 
full operation both for irrigation and navigation, before the 
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famine oecurred, and iso to have made as large returns at 
least as those works which have succeeded. 

Sir Proby next procdids to defend his non-construction 
of a permanent weir on‘ithe ground that he deferred the 
expense as long as possible, though he foresaw that such a 
work might ultimately be necessary. I certainly have no 
right to find fault with.this principle, for it has been a 
leading one in all my projections, viz—to spend no money 
‘on anything that was not. absolutely necessary at the 
time. But it is strange that he should stretch this prin- 
ciple to such a degree ay to apply it Y6 the fundamental 
work, which would have added perhaps £50,000 to an 
expenditure of 2 millions,or an addition of 24 per cent. 
for a work of such immeasurable importance, while he 
spent more than double that sum in bridges; and while 
in -fact in all sther parts of the projection he totally lost 
sight of that principle. But, as,I have said, it is a matter 
of no” importance whether it was right or wrong at the 
time ; the only question I had to deal with was, what 
mistakes and defects now appear which have caused the 
failure of the project in respect of returns, so as to make 
it the grand argument against irrigation in India instead 
of the main one for it, as it ought to be. 

I need not go again over the ground of the deep cutting 
for the canal upon which he enters, ts I have already 
discussed it. But I must say that Sir Proby must he hard 
pughed for a defence when he brings in the bursting of the 
Sheffield Reservoir, with its 90 feet of water behind it, as 
an argument against a bank to bear 5 or 6 feet. We have 
thousands of miles of such embankment to our rivers and 
canals supporting a few feet of water, and this objection 
therefore is entirely imaginary. 
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Sir Proby then says that the cofnparative expense of 
making dams lower down the river, and bringing the water all 
the way from Hurdwar by canal, is 4 mere matter of opinion. 

This is the usual way ef evadthg conclusive arguments. 
It is not a matter of opinion ; it is a matter of calculation, 
and that so simple that it can be made in a few minutes in 
a form perfectly to satisfy even non-professional men. 
After building so many great weirs we have perfectly safe 
data, The actual comparative cost of the two plans may be * 
thus safely estimated :-— ° 


Actual cost of the canal from Hurdwar.to 
~ Meerut about. . 2 6 . 2 6. . « £1,000,000 
Weir below the Solani . . * . £75,000 
50 miles of channel to Meerut at 
£2000... 2 1 1 es. 100,000 
———, 175,000 





Saving . . . . . « £825,000 


or two-fifth of the whole cost-of the works up to this time, 
which is £2,000,000. ; 

Sir Proby, in his remarks about the silt, says, “ But my. 
“arrangements for the silt were, at any rate, less defective 
“than those in the canals of the Kistnah Delta, where 
“the accumulation of silt has become so great as to compel 
“the Engineers tofecommend the abandonment of naviga- 
“tion on many of them.” I do not see how the officer who 
planned the Kistnah works (Colonel Attwell Lake, of Kars), 
having made an omission, can exonerate another officer 
from having made a similar mistake. 

The fact is we have all made the same, and a very serious 
one it is. It has so happened that in the Godavery 
works the omission has not very seriously injured the 
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working of the canals, but this is not owing to any better 
management of ours. It was a great mistake,~“and now 
appears plainly enough. * 

I understand the effeéts of it were much more seriously 
felt on the Kistnah than either on the Ganges or Godavery, 
in consequence of the much greater deposit of silt there. 
But this does not the least, justify the deliberate mistake of 
making some of the canals there not navigable. 

* The remedy that Sir Proby speaks of above—viz., to 
recommend the abandorment of navigation—is a thousand 
times worse than the disease. The reason of this desperate 
step being taken on the Kistnah is no doubt that the works 
have been lately under charge of an officer brought upvin 
the Bengal School of Engineering, and who had conse- 
quently no right apprehensions of the essential importance 
of cheap tranrit. The remedy, or at least one perfectly 
simple and sufficient remedy, is to enlarge a portion of the 
main canal near the head, so as to diminish the current 
there, which will cause the deposition of the silt, where 
there is room for the dredges to work all the year round 
without interfering with the navigation. This would be a 


very insignificant expense. It ought to be immediately . 


applied to all the great works now in hand, unless a better 
“remedy could be found ; but I don’t think any could. 

There seems no occasion for me to go further into these 
several particulars touched upon in his reply to the Times 
paper. 

As for his-charges of “ misrepresentation and perversion 
“of the truth” against the writer of that paper, I may 
safely leave it to the readers of the discussion and that 
review of it, to decide whether there is a shadow of founda- 
tion for them, and certainly if Sir Proby could have proved 
them he wouldn’t have been content with a bare assertion. 
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T must, however, notice one of his*remarks to show how 
inveterate imaginations are. 

He objects to the single embanknient on the Toombuddra 
across the valleys, “the water beif@g allowed to find its own 
a * level over the surface of the country, not much, I should 

* say, ae the benefit of the people in a sanitary point of 

‘view.” There are perhaps 100,000 tanks scattered over 
the Peninsula, and because the Engineers have been troubled 
by fever in certain circumstances in the North West, Sir 
Proby dreams that sanitary considerations absolutely require 
that an Engineer should not make a new tank in Madras, 
These tanks are, as I haye said, the very things that are 
waiting both in the Ganges ang in the Madras works, as 
depositaries for silt, where dredges can be kept at work 
without hindefing the navigation. 

“T may also add my remarks upon Sir Proby’s saying, 
“if any additional proof were needed “ that his estimates, 
“ however well-intentioned, are exceedingly apt to be falla- 
“cious, it would be furnished by his assertion that he 
“would dam the Ganges for £75,000 ; this“is quite suf- 
“ficient to show that he knows as little of the cost of 
“work in the North West, &c.” This is avery safe para~ 
graph. Sir Proby first speaks of additional proof; he has 
given no proof whatever; he has indeed asserted and 
insinuated it over and over again, but without one word 
of proof, which one may be perfectly certain he would 
have given if he could, from the whole tone of his papers. 
In this respect also I Rave been just like other Engineers ; 
some of my estimates have turned out inadequate, but many 
of them pretty near the actual cost. I have not failed in 
this point remarkably. I have certainly never indulged 
in what are mildly called liberal estinmates, by which the 
Engineer tries to save his own reputation at the expense of 
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his employers; but F have always endeavoured to give 
strict estimates, that is, as near as I could judge what the 
real costs of the works would be, for in practice it will be 
found that the only effe¢iual cheek upon wasteful expendi- 
ture is a strict estimate. But an estimate is and must 
always be an estimate; and if an Engineer had had 100 
years of experience he could never undertake to certify 
what a work would actually cost. 

And he does not attempt to answer my arguments, or to 
show by a single argument of his own, why such a dam 
could cost more than £75,000. The Godavery Anicut, 
which is built where the river is 4 miles broad, 30 feet deep 
in the freshes, “and discharges 200 million cubic yardsrper 
hour, cost £85,000. The diseharge of the Ganges at the 
Salani is about } of the above, so that the ‘corresponding 
price would be: £14,000; to allow for the rise of prices, 
now nearly double, and the conveyance of most of the 
materials by water, about thirty miles, I have allowed five 
times the proportionate cost. It is’ entirely out of the 
range of probability that it should exceed that proportion. 

Sir Proby brings forward Colonel Baird Smith to support 
him, not only in circulating an unfounded report about me, 
but in general as to the principles of construction. 

Colonel Smith’s remarks on the Madras Works are a 
most curious specimen of false schooling, habit, and pre- 
judice. He came to Madras and saw evidently successful 
works, and he deliberately concluded that the principles on 
which they were constructed were afl wrong ; and returned 
confirmed in his previous idea, that the principles of con- 
struction adopted in the works which had failed, were all 
right. Nay, he actually pointed out the very things that 
were such proofs of entire ignorance of all right principles 
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in our works. Instead of employing ourselves in cutting 
canals for the purpose of building bridges over them, we 
had occupied ourselves with turnipg the water on to the 
land; and instead of waiting a few years, till we had cut 
c&pacious canals (all below the level at which™the water 
was wanted, of course), we had turned the water into any 
‘old channel that we came across, merely for the purpose of 
letting it run at once over the fields and so on. To be 
sure, in this way we had from the very first paid our own 
way, and were, when he saw the works, expending on them 
only a small part of the actual increase of revenue pro- 
duced by them, but this cduld not possibly justify prin- 
ciples which were settled in the North West to be quite 
wrong. On thewther hand, there, they had spent five times 
what we had, and had yet no returns nor gny prospect 
of them for eome years to come, but then they really had 
something to show for their pains—an immense excavation, 
and noble bridges at every three miles, &c. They had not 
the swarms of boats navigating it that we had on our 
canals, but every Engineer brought up in the North West 
school would much prefer to see things done on orthodox 
principles, whatever the consequences. It is evident that it 
never once entered Colonel Smith’s head that or system, 
which had produced Sthe result intended, and far beyond 
what people expected, must be right, and that that which 
had produced no results worth mentioning must be wrong. 
The truth is that it is perhaps an inevitable, but a regret- 
table consequence of the excessive centralization of Indien 
Government, that the officers of the Bengal Presidency, 
who are constantly coming in contact with, and are fami- 
Hiarly known to the Supreme Government, and who have 
most influence on jts derisians eamaén lack aL. ae, 
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servants of the minor Presidencies as almost an inferior 
caste, and at least as a class necessarily less advanced than 
themselves; and no doubt Colonel Smith came down to 
Madras, not having been then entightened like other people, 
by a famine in the very province traversed by the Ganges 
Canal, full of the notion that the Engineers of the Metro- 
politan Presidency, who were basking in the sunshine of, 
the Governor-General’s favour, could not learn anything 
from the officers belonging to a minor Presidency; obscure 
individuals of whom nobody had ever heard. 

When Colonel Smith was at Madras, I presumed so far 
as to try and have a discussien with him. I called upon 
him and pointed out to‘nim, that as he was then going up 
to take charge of the Ganges Canal, how extremely im- 
portant it was he should take care to have a clear start, and 
not commit himself to any errors made by his predecessors, 
for even then they had begun unmistakeably to appear. 
I advised him to review carefully the whole project, as it 
stood, and with the help‘of what he had witnessed in 
Madras, inquire into what appeared wrong, and see what 
could yet be done to correct it. 

But on the above-mentioned assumption that officers of 
the Metropolitan Presidency must be always superior, 
always in advance, probably Colopel Smith thought it 
presumption in me to offer such counsel, though I was so 
much older and had ‘had such extensive experience. 

It was indeed rather hard advice. Ifit had been followed 
he would certainly have lost all favour, and probably his 
appointment, for under the former régime such men .as 
would persist in conscientiously pointing out what was 
wrong and what was wanting were immediately looked 
upon as troublesome and impracticable men, who must be 
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got rid of, if possible. If he had” sent in a thorough 
review. of the whole project, pointed out its defects, and 
earnestly proposed their correction, he would have been 
told that “they were not prepared” to make such changes ; 
and most likely a more accommodating mar would have 
been put in his place. But Colonel Smith stepped me- 
chanically into his predecessor’s shoes, endorsed all mis- 
takes, and the consequence has been ten years’ more expen- 
diture, without any adequate returns. 

“There is every reason to hope that if he ‘had been 
capable of learning a lesson and fighting such a battle, 
he would have saved India many millions, 

But I must acknowledge that ‘it is not every man that 
could have facgd such a storm as the following of my advice 
would have raised. If the Ganges Canal had been return- 
ing 20 per cent., some men in Bengal, I am sure, would 
have been satisfied on the subject of irrigation and naviga- 
tion, and would have heartily pressed on the extension 
of the system throughout India, as the Government of 
Madras had done so strongly, I feel confident that such 
would have been the case with Lord Canning, both from 
communications I had with him before he went out, and 
from what he wrote in the despatch quoted in a former 
pamphlet, where he ays “ we shall obtain the views of the 
officers of the Madras works,” with respect to the plans for 
the Behar project. 

Yet even Lord Canning was not very anxious to hear the 
plain truth. When he ordered me to Bengal to report upon 
the works for the protection of the city of Cuttuck from 
the Mahunuddy, he condescended to order his secretary 
to write to me giving mo a hint of what kind of a report I 
was to make, I replied in my report that I did not come 
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there to give other people's opinions, or what I imagined 
they were, on those works, for I was surely bound to give 
my own conscientious ‘ind unqualified opinion, the fruit of 
such long experience ag I had had, and not the opinion of 
those who had had none, and who were necessarily entirely 
ignorant of such matters. 

In pointing out the real facts of the case, the success of 
the Madras works and the principles of projection and 
construction which, under God, produced that success, of 
course my opponents have a fine opportunity of charging 
me with boasting; it is a matter-of great thankfulness 
that I have not a case to deal with, in which they might 
charge me with trying to ponceal failure. Asitis, = 


“,... populus me sibilat ; at mihi plaudo 


Ipse domi, simul ac nummos contemplor in arca.” 

T look at tks rupees in the Government chest, and at the 
millions of people raised from poverty, and in a great 
measure secured from “famine, and at the prospect of the 
extension of these beneficial works throughout India, and 
am not much disturbed by such hard words. 

It is indeed terrible to think of the opportunity lost by 
Colonel Smith at that time when he went up to take charge 
of the Canal. Had that noble work been in full operation 
both for irrigation and navigation when the famine occurred, 
and had it been since returning 20 percent. ; had the Canal 
swarmed with cargo boats, and with large passenger steamers 
worked at a good speed, and at almost a nominal charge, it 
seems hardly possible that such a ruinous delay would have 
taken place in the great enterprize. And now another 
famine is stated to have actually commenced,* and pro- 


* “The want of water is beginning to be felt in many 
“localities. The late crops will suffer, and scarcity and dearness 
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bably nothing less terrible would be ‘sufficiont to overcome 
the inveterate determination not to prosecute it. Even the 
completion of the successful works is obstinately resisted. 
Only lately, money was ordered to fe taken from the utterly 
inadequate means allowed for that, to be expended on tram- 
ways. Now that the large outlay for the heavy*works on 
the Godavery and Kistnah are completed, the light expen- 
diture in. the distribution is yielding at least 100 per cent. 
in direct returns, and the money is diverted from that to 
works that do not pay the bare interest of the money. 
~Carrying on Madras works in our unpretending way, we 
are necessarily exposed to the censures of superficial men. If 
we had had immense excavatigns Ywith the water below the 
level of the layd to be watered) and multitudes of bridges 
(too low to allow of loaded boats passing under them, and 
without towing paths, &c.), such men would be quite 
satisfied. 

They never lift up the lid of the treasure chests, whether 
private or public, or ascertain whether the water has reached 
the fields, or take an account of the boats on the canals, or 
hear what the landowners or the merchants, or the money- 
lenders, or the labouring men or the women say. All such 
matters would be far below a great Engineer. 


“of provisions will, itis feared, prevail to a dreadful extent.” 
—Times of India, Dec. 13th. On the 12th of December the 
Governor-General told the deputation who waited on him with 
respect to the Mutlah, and the construction of wet docks in Cal- 
cutta, that, “ when a famine was impending in the North-West ; 
“ when the expenses of Government were exceptionally heavy ; 
“and when a reduction in taxation is demanded,” it was not 
a favourable time for undertaking a costly enterprise. —Home- 
ward Mail of Jan. 21, 1865, p. 52. - ; 
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His business is tC see that grand works are executed, 
and that in an orthodox manner. None but small-minded 
men would inquire about the cash chests of the employers, 
or the stomachs of the employed. But such were in those 
days the grand oracles, and they are so still. 

Witness the railways and their results. In the late 
reports there is not one word that can enable us to judge of 
the latter. 

Nobody is informed what amount of goods and number 
of passengers they corvey on an average along the line ; 
what proportion those bear either to the numbers that do 
so travel, or that ought to travel in such a country, if 
transit were brought within their means, &c. From the 
reports nobody knows what*effect they have produced— 
whether they have produced traffic, or are merely carrying 
1-50th of the-old traffic either in goods or passengers ; what 
effect they have had upon the districts they have passed 
through ; what the cost of traffic is on them as compared 
with that on a fair metalled road ; what proportion of goods 
and passengers are moving just as they did before -railways 
existed ; what has been the effect of the heavy taxes im- 
posed on the country to pay the interest of the capital 
expended, &c., &c. Not one single word is said upon any 
one of the important points of the question, nor is the 
slightest notice taken of the meetings of a Chamber of 
Commerce for the sole purpose of consulting what is to be 
done in consequence of the utter failure of a railway to 
carry even an insignificant portion of the old trafic. These 
reports are just like Colonel Smith’s, they utterly fail in 
respect of all the great essentials of the question. We 
have thus positive proof that the reign of such superficial 
men is not over under the new régime. 
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These are not the men who are wapted. We want men 
who have nerve, discerameht and uprightness, really to 
grapple with the realities of the cas¢—who will not be con- 
tent to take the safe side and prophecy Smooth things, but 
who are both ready to satrifice themselves in the consci- 
éntious performance of their duty, and who are capable of 
searching out a matter; men who have such extraordinary 
powers of mind, too, as to think of peeping into a cash- 
chest. It is impossible to estimate the mischief that this 
class of men,do. They are certajnly wise in their own 
generation, they are accounted as oracles, they are in high 
favour, they get good appointments; and they are perhaps 
not found out till they havé enjoyed the profits of the line 

. they have taken ; but they argthe ruin of the country. Had 
we had able, conscientious, public-spirited men who, what- 
ever the consequences to themselves, would not rest till 
they had searched out results, and forced “the truth upon 
our financiers and others, it is impossible that India could 
have been kept to. this day without effective irrigation and 
effective transit, both for goods and passengers; while at 
the same time most oppressive taxes are added to the 
amount of two or three millions, to pay the interest of 
money ineffectively expended. Take notice of the following 
extracts from speeches of the leading merchants at Bombay 
at a meeting of the7Chamber of Commerce :— 

“The railway company have made public confession of 
“ their inability to do the work which the public are justi- 
“ fied in expecting from them. in their notice that after 

“certain date they will cease to accept for carriage an 

article, &c. (cotton).” 
“ Already, the native cotton dealers, in despair of the 

“ yailway company doing their work, are organizing a system 
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“of carts to carry the cotton as it was carried probably 
“2000 years ago, and next yew they hope to be indepen- 
“dent of the companyaltogether. Is not this disgraceful ? 
“ Do you not all feel humiliated? . . . . 2... . I 
“declare that I feel ashimed tKat western enlightenment 
“and progress should thus be degraded in the eyes of our 
“ native fellow-subjects.”* ‘ 

Again.—“ That a double line of rails must be provided 
“on both our lines, is becoming more and more apparent 
“ every day, &c.” . 

“TI trust that the lamentable failure of the G. I. P. 
“ Railway in its obligations to the public will not only act 
as a warning to them, &c.” 7 

“TI believe that about one-fourth of the cotton that 
“comes to Bombay is brought down by,the G. I. P. 
“Railway. The company pretended to be able to bring 
“all the traffié of all the districts through which the line 
“pagses; but after leading the country to abandon and 
“disorganize other means of transport, they have syste- 
“matically failed to execute the work they have under- 
“taken. . . . . At any rate, the experience of last 
“year ought to have convinced them of the utter impos- 
“sibility of managing the whole of the probable traffic of 


* Compare this with the following extract from a paper 
by another of the clase above spoken of in Charge of the Madras 
Railway :— . 

“T have spoken of the stimulus given to every class of the 
“community and every department of commerce by this new and 
“HIGHLY EFFICIENT MODE OF TRANSPORT.”* 

It is certainly true that the railways have acted asa pretty 
strong stimulus to the Chamber of Commerce of Bombay, to 
judge from these speeches and from a second meeting some 
time afterwards, 
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“this season, and they ought to haye had the honesty to 
“confess this, and give thd public notice in time to re- 
“ organize other modes of transit.” Fe tance 

“ The net profits of the dine havg been— 


For 1861. . . . . . 2 percent. 
1862 ......8 7 
1863 ...... 2 a 
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“ Now the difference between these per-centages and the 
“ guaranteed interest has fo be paid by the treasury,— 
“that is to say, out of ou# pockets, and therefore we 
“have a double right to protest against mismanagement, 
“the consequences of which do not fall upgn the railway 
“company, but upon the mercantile community and the 
“ tax-payers of India.” .... . “ The G.I. P. Railway, on 
“the other hand, from which we had a right to expect that 
“it would be the means of bringing the cotton crop to this 
“great port with the despatch of a railway, had ignobly 
“ failed, &c.” 

“A correspondent of the Bombay Gazette a few days ago 
“wrote from Mulkapore, that he found at Bussora from 
* 80,000 to 90,000 bales of cotton lying round the station ; 
“ thousands of bags of seed and other goods lying uncarted 
“ at Egutpora, &c.” 

“Ttis not simply matter of complaint that the line is 
“unequal to its work, &c.” 

WHere we seo that a railway that was to “create traffic,” 
“a new and highly efficient mode of transport” according 
to one of the propheciers of smooth things, not only could 
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not create the new traffic of 1 or 2 millions of tons that 
ought to be carried on that “line, but literally could not 
carry one insignificant item, about 20,000 tans of the old 
traffic. Butis it not beyond measure astonishing that of 
all the Government officers empioyed about these railways 
not one was found who would point out the utter absurdity 
of imagining that a single railway could carry even one or 
two millions of tons, and as many passengers? No wonder 
“we are degraded in the eyes of our native fellow-subjects” 
when the whole Railway Department could not produce an 
officer who had the manliness to keep this point in view. 
Do we not most richly deserve to be “disgraced in the 
“eyes of our native fellow-suljects” when such has been 
our course of proceeding ?,, These were the works that 
were to prove to the natives our superior wisdom, and to 
produce an immense impression of our intelligence. If we 
had cut a hole a foot square for an elephant to creep 
through, they would have been as much impressed with 
our acuteness. I have said that the Railway Reports said 
nothing to show us the quantity carried. They do indeed 
state the total number of passengers carried on the railways, 
but as they do not say how far they are carried, it tells ua 
nothing ; they may be carried on an average 10 miles, or 
100, on a line of 1000. To tell us that a million passengers 
were carried on a railway 1000 miles long, tells us nothing. 
If each passenger is only carried on an average 10 miles, 
the actual traffic of the railway is 10,000 passengers a year ; 
if 100 miles, the traffic is 100,000 passengers a year carried 
over the whole line. But even this statement amounts to 
nothing unless we give a standard at the same time by 
which we can judge of this traffic, whether for a certain 
line it is large or small, sufficient or utterly insignificant. 
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It is of no use to give a picture @f the Great Eastern, 
unless you add something tHat the eye is accustomed to, to 
form a standard, as, for instance, a on or some other 
well-known object. re 

Thus we are told that on the East India Railway 
2,900,000 passengers were carried when 800 miles were 
open. What does this mean? It means that so many 
individual tickets were taken on all the different parts of 
the 800 miles; but whether each averaged 10 miles, 100 
miles, or 800° miles, not a word is said. ‘Thus a vague im- 
pression of vast traffic is left without anything being really 
known of the matter. 

Then the whole number ‘of pagsengers is divided by the 
number of miles open, and the result is given as the num- 
ber of passengers conveyed per mile. What in the world 
does this show? It is simply the old qugstion—If you 
divide the ashes, by the poker, tongs, and shovel, what is 
the quotient ? There, were, for instance, by the last Report, 
4800 passengers for every mile of road according to the 
statement. Now if these passengers travelled on an ave- 
rage 10 miles, the traffic over each part of the road was 
48,000 a year; if 100 miles, 480,000 a year, and so on. 
And if we were told whether the number is 48,000 or 
480,000, it still tells us nothing as to the real question of 
whether the railway is effective or not, unless we are told 
what proportion of the present travellers are compelled to 
travel as they did before, and unless we have an estimate 
of the number ‘that would travel if the cost were reduced to 
what it might be. Now the actual state of the case is this. 
The whole receipts for passengers at that time on that line 
were, for the year ending June 30th, 1863, near £310,000, 
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mile at 84 pice (almot the whole were 8rd class at 8 pice, 
% of a penny), the number travelling on an average through- 
out the line was about 680 a day, the number actually 
travelling on that line hy the old means could hardly be 
less than five times that number, or 3500 a day ; and we 
may be certain that if the fare were reduced to 4 pice (one- 
sixteenth of a penny) for the lowest class, as it would be 
with water transit, that the present number would be in- 
creased at least five-fold; so that we have good grounds 
for judging that this réilway carries not one-thirtieth part 
of those that want to travel, and that an effective commu- 
nication would accommodate. And so with goods. By such 
Teports as are published the true state of the case is efftctu- 
ally kept out of sight, and ndt one atom of information is 
given by which the public can judge whether the railways 
are really carrying the required traffic of the country 
either in goods or passengers, or whether they are as utter 
failures in respect of traffic as they are in respect of money 
returns. 

The unfortunate thing is that in consequence of the 
guarantee, the official reporters, the managers and the 
shareholders, are all equally interested in keeping up the 
delusion, so that nothing but such utter failure as would 
bring down terrible direct loss on the European mercantile 
community, would probably ever lead 40 the truth being 
distinctly brought before the public. The extracts from 
the speeches of the chairmen and others of the Bombay 
Chamber of Commerce have, however, happily thus shown 
the real state of the case to a certain extent. 

Of course this is only a very small part of the actual 
loss; the great loss is not on the things attempted to be 
moved, but on ten times that quantity, which, on account 
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of the enormous cost of carkiage, carmot be thought of as 
moveable at all. ’ 

I will mention one point, which will put in the strongest 
possible light the enormoug loss ta the country for want of 
effective “communication, and of that alone. It is well 
known that almost the whole of the manure produced in 
‘India is consumed as fuel. Now, consider the loss to any 
country in the world from its being deprived of manure, 
and espécially the loss to the cotton districts of India at 
this critical mpment. And this universal use of manure as 
fuel, not only for domestic purpose, but for factories, brick- 
making, &c., in the interior, is not in the least owing to the 
want-of fuel of other kinds ; * theregre wood and coal enough 
in India to supply all its waats for fuel a hundred times 
over. It is soicly from want of cheap transit! Were the 
forests and coal districts laid open to the papulation gene- 
rally by cheap transit, the whole of the manure would be 
applied to“its legitimate use, the restoring of the land. 

A very little consideration of this one point will bring 
forcibly before any one what India is losing from trusting 
the traffic to a single line of railway, carrying goods at 
from one penny to sixpence a ton per mile. 

How can a country bowed down by such a burden as 
this one loss implies, hold its own with other lands? 

And this is only a specimen. There are numbers of 
other items of traffic, the want of which is utterly weighing 
down the country. 

When the unbounded treasures of India are put within 
reach, by cheap transit, of its own population and that of 
foreign countries, it is impossible to estimate what the 
wealth and prosperity of the country will rise to. I could 


almost wish the Emneroar of the French wore tte enlar fae 
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10 years, He would*comprelend these things at a glance, 
and a very few years would seo every valuable product of 
India put within reach of the population of every district 
and every port. The’system of-internal navigation, which 
he is with such wisdom carrying on at once throughout the 
length and breadth of France, would be immediately applied 
to the whole country between Peshawur and Cape Comorin, 
and between Kurrachee and Sadiya; nor would he lose a 
year in connecting the Burrampooter with “the Yangtsi, 
and thus throwing ope’ all India to all China. 

The actual quantities of goods carried on an average on 
each line of railway in India, calculated from the goods 
receipts as given in the lest Calcutta Engineer's jourrfal for 
a few weeks, and allowing a fhean rate of 14d.* per ton per 
mile, are :— ‘ 

- Tons. 
Baroda Railway . . . . 15,000 per annum, 
Eastern Bengal. . . . . 52,000 » 
East Indian. . » « . 80,000 33 
Indian Peninsula. . . . 100,000 ” 
Madras . . ... . . 58,000 * 
Punjaub. . . 2. « . 6,000 * 
Scinde . . . . . « « 100,000 , 

Thus these railways carry perhaps from one-quarter to 
one-fiftieth part of the old trafic, and that at prices the 
least possible below the old rates, but:in many cases much 
above them, instead of providing for the carriage of the 
vast traffic that has to be produced, and which ought to be 
from 4 to 20 times the present. The traffic on the main * 
line up the valley of the Ganges ought to be not less than 
5,000,000 tons, while the railway carries 80,000 or one- 
sixtieth part of it, and this 14 per cent. carried at a charge 


* The rates charced from 6!d. to 1d. 
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that affords no saving worth Aventionibg, while the remain- 
ing 984 per cent. is just left‘as it wes before all this heavy 
debt was incurred, most of the goods still not carried at all, 
and the remainder by the old mears.” 

+ The same with the passengers: the actual numbers 
carried on an average all along the different lines, calcu- 
lated from the weekly receipts, and allowing a mean rate of 
2} pice on a line on which the lowest charge is 2 pice, 
and 8} on those on which the lowest is 3 pice, are as 
follows :— . 


Baroda Line . . . . « «. « 840 per day. 
Eastern Bengal ... . . . . 830 ,, 

East Indian . . . «9%. «© 720), 

Indian Peninsula * . . . . 1080 
Madrds . 2. 2 1. 1. ss 600 
Scinde . 2 2 ee eee + 250 
Lahore...» «+ + + « 700 


Now, if we take the East Indian line as one specimen, we 
may be sure that 720 is not one-fifth of the present travellers 
on that line, and so with the others, and not one-twentieth 
of those who would travel if the rates charged were such 
as they could afford, and such as they are where water- 
carriage exists—viz., from one-sixteenth to one-twelfth of 
a penny per mile. 

So that the railways as utterly fail to carry the great 
mass of the people as they do that of the goods. * 

But what can be more absurd than for the different 
parties concerned in those railways to be quarrelling and 
throwing the blame upon one another because they don’t 
do what it is as impossible for them to do as for a donkey 
to carry the load of an elephant? | 

The actual work done by the Bengal Railway is 80,000 
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tons a year, at about *hree-halipence, and 720 passengers a 
day at about 34 pice, qr under‘one halfpenny. 

What a main communication on that line is wanted to 
carry is about 5,000,000 tonsa year at one-eighth ofa penny 
per mile, and 20,000 passengers per day at one-twelfth of a 
penny. These are the kind of statements that are required 
to show whether the railways are really meeting the wants 
of the country or not, and in connexion with the statements 
of the members of the Bombay Chamber of Commerce, they 
show their complete faiture to meet the wants of the coun- 
try; so that there can be no mistake about it. 

If it is asked—but what have these details to do with 
the Ganges Canal? I answer, everything. First, betause 
they show that there is thé same effort throughout“on 
the part of my opponents to persuade themselves and others 
that works which really have utterly failed have not done 
‘so; or else that the failure is owing to projection ur execu- 
tion, when itis really owing to the nature of the works, as in 
railways ; or that it is owing to the nature of the works, 
when it is solely owing to the projection and execution, as 
in the Ganges Canal. No projection or execution could 
possibly enable a single railway (or even a double one) to 
carry one-tenth part of what is wanted, or to charge for 
transit less than 10 times the price that is required to 
enable India to flourish; and, on the ether hand, nothing 
but monstrously false projection and execution could have 
prevented irrigation and navigation from being enormously 
profitable in the Dooab. 

And secondly, this discussion is directly to the point, 
because it shows in the most distinct manner the tre- 
mendous mistake made by the Engineers of the Canal in 
treating the transit as a tnatter of so little impgrtance, that 
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it was worth while indeed Ps make @ show of it by building 
locks, and at the end paits of Icvks, &c., but that it was 
quite unworthy of that expense and that attention which 
were required to make it really effective. Water transit in 
aAndia is an absolute necessity, as it is in America and 
France, and even, to a less extent, in proportion to its 
size, in England ; nothing but water can carry the quantity, 
or at the charge, that any country, and especially a great 
Continental country, really requires. 

We cannot indeed be so much surprised. at the Civil 
authorities being so entirely mistaken on such a point, 
when the professional offisers are so profoundly ignorant of 
the fundamental principles of thir profession as to suppose 
that railways can carry the millions of tons and passengers 
that have to be provided for,'énd that it is a very insignifi- 
cant matter whether hundreds of miles of tanal were made 
effectively navigable or not. 

Of the absolute necessity of water transit, we have, be- 
sides the enormous sums lately expended by the Americans 
on the Erie Canal since the construction of railways, a 
strong proof in the following account of what is doing in 
France at this moment, as stated in the Times of the 20th 
December, which is as follows :— 


Letter in the Times, dated Paris, Dec. 28th.—The fol- 
“ lowing are some of the public worka of which the utility 
“was declared by the imperial decree, and which are at 
“present in progress of execution :—The works under- 
“taken on the river Seine consist in the construction of 
“twelve dams between Paris and Monterean, to secure a 
“depth of five feet of water and a regular naviga- 
“tion between Paris and Rouen, and likewise between 
“ Paris and the mouth of the Oise, There remains the 
“part of the river between Rouen and Quillebeauf to 
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“be improved andt the brepkwater to be strengthened. 
“ Nine dams are to be constricted un the river Marne, and 
“ two cuttings are being made so as to secure a continuous 
“ navigation between, Paris and Strasbourg. ‘T'welve dams 
“ with sluice-gates are o be cotistructed on the Yonne, in 
“ order to secure five feet of water for boats passing from- 
«“ Paris to Lyons. Seven of the most dangerous passages 
“ between Lyons and Arles, on the Rhone ; and it is pro- 
“posed to complete these works by raising the water six 
“ feet. between Arles and the canal of St. Louis, to facili- 
“ tate the navigation,to the mouths of the river. 

“.The passage from the Bec D’Ambes, and from Bassens 
“on the Garonne, is at present being improved, so that 
“ foreign ships may navigate the river. 

“Submersible breakwaters are being tried by the Italian 
“ Government on the left bank of the Var ; quays are being 
“constructed on the Nive, and great improvements are 
“being made at the port of Thonon and Evien, on Lake 
 Teman. The Sarthe is being made navigable between 
“ Angers and Le Mans; and a similar improvement is 
“being made between Angers and Laval, on the Mayenne ; 
“and quays and bridges have been constructed on the 
 Villaine in its passage to Reunes. 

“ Phere are likewise various improvements going forward 
“on the rivers Adour, Arve, Baise, Bontonne, Charente, 
“ Deule, Drouse, Loir, Lot, Lys, Mayenne, Meuse, Scarpe, 
“and Vire. There are other public works admitted to bé 
“ necessary, but for which a decree has not yet been issued, 
« such as the construction of four dams and sluices on the 
“ Saone, between Lyons and Chalons, to secure a constant 
« depth of five feet in the river which forms part of the 
« great navigable line from Paris to Lyons, the completion 
“of the canal begun in the year 1835 on the Lot ; the 
“canal on the Moselle, between Fronard and Metz, and 
“various improvements.demanded by merchants on the 
« Allier, the Charente, the Dordogne, and the Tarn. 

: "Phere are other works long since begun, and only now 
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‘< 
“ about to be finished—such as tH canal from La Rochelle 
“to Marans, commencdd in 1805, which will unite the 
“port of La Rochelle with La Seure near Marans ; the 
“canal from the coal mines sf La Sarre, which will 
“ cause a great fall in the price of coals in the valley of 
“ Sarrebuck and in the manufacturing districts of Alsace 
“and Champagne ; the canal of Roubaix, which will form 
“a, junction of the Deule and Scheldt—the lateral canal of 
“the Marne between Vitry and St. Dizier, undertaken for 
“ the advantage of the ironmasters in the Haute-Marne ; 
“ the extension of the canal on%he Upper Seine, between 
“Troyes and the Maisons-Blanches, being a distance of 
“ twenty-five miles, and other works to maintain a sufficient 
.“ quantity of water in the canals of the centre ; the Haute- 
“ Deule, from Nantes ‘to Brest ; from Blanet, Ile et 
“ Rance ; the Ardonnes, from Arles to Boue ; and a canal 

“from the Rhone to the Rhine.” 

° 

This includes a vast extension and improvement of the 
internal navigation of France, and will, with the old works, 
form a complete system of internal navigation with 5 feet 
of water or more throughout the empire, connecting all the 
great river-basins with each other, and with tig Scheldt 
and Rhone. This is after a full trial of the system of rail- 
ways, and in face of the strongest possible bias in favour 
of the latter. Theye can be no doubt that the same thing 
must take place in England, notwithstanding the tremendous 
strength of railway interest and railway prejudice. All 
these great lines in France have railways running parallel 
to them, as the Erie Canal hes, I must here take notice 
of the absurd fancy, that canals are not fitted for speedy 
transit. This is one of those imaginations that so often 
control the proceedings of nations for along period, without 
any one ever giving the subject the five minutes’ considera- 
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tion that would be suffvient to hon that it is nothing but 
fancy. There are steam*rs running at this moment at from 
20 to 25 miles an hour, on light drafts of water ; there- 
fore what is to prevent ~anals being navigated at high 
speed? Some suppose that the locks will cause so much- 
delay; but this is only because the old locks in this country 
were made with such small sluices that they took several 
minutes to fill and empty; and there is not the least 

“necessity for this. It is only to make the opening large, 
when the lock may be fified in a minute, and it need not 
cause the detention of a boat longer than a train is detained 
at a small station. 

There are parts of Engtand that could be traversed by 
canals worked at any speed, and at charges about } or $ 
of that of railways, and in India this could be done at a 
cost of not, moré than } of the outlay on railways. It is 
curious to observe France finding out this mistake—the 
fancy that railways will supply the place of canals—before 
England. 

In England itself, the actual state of things respecting 
the heavy )traffic, seems to be universally misapprehended 
by the general public. 

The principal traffic is still carried by water; by far the 
greater part of it by the coast and rivers, though large quan- 
tities are still carried by the old canals, itaperfect as they are; 
very narrow aud shallow, very winding, with very small locks, 
which still take nearly two minutes to fill or empty, and 
quite unfitted for steam-power. As soon as the country wakes 
from its railway mania, as France and America have begun 
to do, it will discover that, even with its insular position, and 
consequently vast extent of coast and river navigation in 
proportion to its area, it cannot do without internal steam- 
boat navigation. as France and America have learnt. after 
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many years’ trial of railways, Ang no doubt, when once 
some”bold man, in the facdof ridigule, improves one of our 
“old canals for large boats, steam-power, and good speed, 
there will be the same cgnversiop vf opinion in England, 
as there was in the United States, on seeing the success of 
the Erie Canal. 

But if France and America, with their complete net- 
work of double railways, after so many years of trial, 
have been compelled to spend millions upon waterways, 
how much more must India, with its ridiculous threads 
of single railways in such a vast country, require a 
complete system of water transit, on the most extensive 
scale, so as to provide for a traffic far beyond anything 
that has yet been thought*of. If we were to take away 
from the American States the Erie and other canals, the 
lakes, and the Mississippi and other riyers, they would 
instantly collapse, in spite of all their energy and all their 
double railways. If they had to carry all their produce at 
from 1}d. to 8d. a ton a mile, nineteen-twentieths of their 
traffic would instantly be stopped, and the whole country 
would be paralysed; they would become a mere gkeleton of 
what they are. And even of the remaining things that 
would bear the cost, the railways could not carry one quarter 
of the quantity with passengers. 

Now, I repeat, is it not wonderful that not one man con- 
nected with the railways, either in the Government service 
or out of it, either in India or England, could be’ found, 
who had the nerve determinately to force upon the autho- 
rities the fact that a single railway (or even a double one) 
could not carry one-twentieth part of the goods and pas- 
sengers that had to be provided for, nor at less than ten 
times the cost of carriage that was absolutely essential to 
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fal man, India has beenrkept 15 br 20 years longer without 
this essential; and not pnly sof but that time has been 
employed in raising up a tremendous additional hindrance 
to the construction of the gnly woyks that can supply the 
wants of the country. 

I have spoken of the main cause of failure of the rail- 
ways, being not in the projection, but really in the nature 
of the works themselves, as not being the kind of works 
that the country requires, in its present circumstances, now 
proved by two facts: first, their requiring a great increase 
of taxation to support them, while works of irrigation and 
navigation are actually not merely supporting themselves, 
but greatly relieving the revenues, (certainly much nfore 
than half a million a year, tow realized from them in 
only three districts, Tanjore, Godavery, and ‘Kistna, one- 
fortieth of the districts of India,) and enriching the whole 
population. 

I urge that this is the true test in general of works of 
public improvement, that if they have so little effect upon 
the material prosperity of the country, that they cannot 
support themselves by direct returns, they are not suited to 
the circumstances of the country. 

Secondly, the fact that one of the principal lines is 
declared by the Chamber of ‘Commerce of Bombay to have 
utterly failed, even to convey one trifling article of traffic, 
not one-fiftieth part of what ought to be conveyed on that 
line. But I must add here, that there has been the same 
utter failure of projection in some of the lines at least as 
there has been in the Ganges Canal. 

I give here extracts from a most sensible and useful 
pamphlet by Colonel Showers, showing the mode of pro- 
jection of the Madras line. 


39 


Extract from Colonel rihowers’ Ramphlet.— For the first 
“ two or three miles from M: the railway circles round 
“ the suburbs to the first station, Ferambore, thence to Salem 
« station, a distance of upwards of 200 miles, and taking nine 
“hours. Zhe countre on eachpside of the rail ig a barren 
“ waste, unrelieved, except at rare intervals, by a patch of 
« cultivation omsigns of human habitation, save occasional 
“ clusters of conical-shaped huts, resembling ant-hills, de- 
“noting the natives to be in the most primitive state, 
“ guided alone by the instinct of the inferior creatures. 
«The raél does not touch a single city, nor even considerable 
“ willage, throughout its entire length. The object of the 
« projection of such a line it is difficult to understand. 
« We have all heard of the faith, pure and simple, of the 
“« philosopher, who, in looking at the map of the world, 
“and observing the chitf cities to be situated on rivers, 
“ yemarkéd on the bountiful dispensation of Providence 
“ which had caused the rivers to fow through the chief 
« cities of the earth for the convenience of the inhabitants. 
“ How much more incumbent was it, then, on the official 
“ Providence, that watches over the sublunary affairs of 
“this heathen land, to take thought that the civilizing 
« stream of the rail should pass through and enlighten the 
« chief cities of the benighted !” 


Speaking of the station twenty-four miles from the 
Neilgherries, he says :— ° 
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“® Seeing that in pursuance of the inscrutable policy 
« which throughout the line has carried the rail along at 
“4 distance from all the towns, a railway hotel was an 
“ obvious feature of the enterprise. ... . Beypore, the 
« ocean terminus of the railway on the West! It is diffi- 
« cult to describe the sense of disappointment on arriving 
“on such a terminus after traversing the entire breadth 
“ of the Continent, upwards of 400 miles from the sea on 
“the East. What do we find? An insignificant fishing 
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“ village buried in the dense cdcoa-nut and jack-tree forest, 
“ which fringes the sta-beach along the sea-coast here- 
“ abouts ; a small rivér falling! into the sea at this point, 
“bat the entrance to it from seaward hopelessly blocked 
“by a bur eight or ‘hipe feet jn depth, and over which 
“a dangerous surf is perpetually breaking ; a couple of p 
“ patimars lazily lying outside the bar ; and looking north- 
“wards up the coast, two ships loom in the offing, off 
“Calicut, that port being seven miles distant, the said 
“ ships being only visible from Beypore, because lying from 
“ two-and-a-half to three miles out in the roads on account 
“of the shallowness Sf the whole Malabar coast at this 
“part. The railway may thus literally be said to end— 
“nowhere ; the grand railway station which is building, 
“ notwithstanding. For Beypore possesses no single quiali- 
“fication for a port of embarkation and disembarkation 
“for either passengers or merchandize, 

“ The sole feature of the place which could have afforded 
“even a plaisible pretext for constituting Beypore the 
“ ocean terminus, is the fact of the small river of that name 
“ falling into the sea there ; and had it been one of deep 
“ and unobstructed channel, accessible at all seasons to ocean 
“ships, the measure would have been intelligible, inasmuch 
‘Cas affording promise of utility in future. If the P, and O. 
“ships could enter the Beypore river, or were there even a 
“ yoadstead outside where they could lie at anchor at all 
“seasons, the advantage of this short cut to Madras and 
“Calcutta would soon have called into existence quays and 
“ wharves, and the usual offices of a port. But when the 
“ actual features of the case are considered, the impracti- 
“cable and dangerous bar which effectually closes the river 
“to ships, and even to boats, except at much hazard of 
“swamping ; and further, the shallowness of the coast, 
“which obliges ships to lie from one-and-a-half to three 
“ miles out in the open roadstead, subject to be thrown on a 
“ dead lee shore in the 8.W. monsoon or any westerly gale ; 
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“when these utter, absolutz, and irrgmediable disqualifica- 
“ tions of Beypore as a are taken into consideration, 
“what are we to think of the local railway management 
“ which could have allowed such a project to be carried out 


“ manifestly without due inquiry*into the capabilities of 
. “ the place?” 


Every word of this is true; it is a simple account of 
the line, and gives a perfectly correct view of the case. 
So far as was possible, the population both urban and 
rural is carefully avoided ; indeed, Sne could hardly have 
imagined that in so populous a country as the Carnatic, a 
line could have been found so far from even a rural popula- 
tion, “There are between the tws coasts, besides a very 
dense agricultural population dver a great part of this tract 
of country, the following cities and cantonments, containing 
each from 20,000 to 80,000 inhabitants, vize, the Mount, 
Palaveram, Poonamalee, Wallajabad, Conjeveram, Wallah- 
jamuggur, (the grand seat of trade, and entrepot of the 
North Carnatic,) Arcot, Vellore, Salem, Bowani, Coimba- 
tore, and Palghaut—twelve important places, besides 
numerous others, not one of which does the railway touch, 
and after reaching the Western Coast, it runs along it 
twenty miles needlessly, to end nowhere ! 

There is thus on this line as monstrously false engineer- 
ing as on the Ganges Canal. The cost of this work has 
been £11,200 per mile (including only a very small quan- 
tity of rolling stock), besides accumulated interest at 20 per 
cent., or in all £18,500 a mile (besides cost of land). For 
the 400 miles its cost is about 6 millions. 

Its work at present is— 

Passengers per day 600, at one-fourth of a penny for 8rd 
class. eg : 
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Goods per annuny 58,000‘ tons, at one penny for the 
lowest class. : 
What this line of country requires to have carried is 
probably at least : 

Goods, 500,000 tons per annum, at one-eighth of a penny. 
Passengers, 5000 per day, at one-sixteenth of a penny. 
It may thus be carrying one-tenth of what is required, 
and at from 4 to 12 times the charge that is consistent 
with the healthy development of the traffic of the country. 
“Now, I am well acquainted with the whole country be- 
tween the two coasts, and am sure that a first-class steam- 
boat canal, 30 or 40 yards broad, and 8 or 10 feet deep, 
with locks for boats of¢300 tons to fill or empty in a 
minute, capable of being wofked by steamers at 20 miles 
an hour, could have been constructed for’ £4000 a mile, 
probably for lass at that time, or much less than one-third 
of what the railway has cost, thus saving 4 millions sterling. 
But as irrigation would be combined with navigation, 
which alone would pay its interest five times over, the com- 
munication would in fact have been obtained for nothing ; 
and it would have done what the railway never can possibly 
do—carry the required traffic of the country at available 
rates, and even passengers at the same speed as the railway. 
And this work must still be executed as if no railway existed. 

The net receipts on the railway, by the last published 
Report, were £48,000, or less than 1 per cent. on the real 
capital sunk, without any allowance for depreciation, which 
must be much more than 1 per cent., so that the railway is 
certainly not paying its expenses,* and the whole interest, 

* Compare this with the opinion of the consulting engineer 


of this railway a few years ago :—“I have shown that there is 
“ every probability of these roads paying, when they shall have 
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£300,000 a year, besides loss in working, &c., is collected 
from the general population of Madragan salt or income-tax. 

The other branch of the Madras Railway to the North 
West will be far worse, for the whole country is far poorer 
and less productive for 500 miles. 

The six millions that this railway has cost might thus have 
certainly given us, instead of 400 miles of ineffectual land 
carriage, fully 2000 miles of perfectly effective first-class 
water carriage, with millions of acres of irrigation into the 
bargain, and with transit even at the sare speed as the railway. 
Compare these facts and arguments with another of the say- 
ings of one of the railway engineers a few years ago,—‘* Con- 
“sider it as you will, the railway is the most valuable and 
“efficient instrument of the tWo.” It was by such things 
as these that every effort was made to confirm the Govern- 
ment in the false view they had formed of railways in India, 
by those whose duty it was as professional men to point 
out the utter absurdity of supposing that railways could do 
the work that India required; but India is paying for the 
false ideas of such men in millions of money lost, in mil- 
lions of lives endangered by famine, in millions of subjects 
irritated by needless and oppressive taxes, in hundreds of 
thousands of bales of cotton rotting in the ground, in the 
discontent of the leading mercantile men, in the misappro- 
priation of millions of tons of manure to the purposes of 
fuel, instead of restoring the land, and in a variety of other 
evils which cannot be enumerated. 

One of these men said to me, “Such a move was the 
“ making of me,” meaning that it had led to his holding a fine 


“ become sufficiently extended, and shall have had time to take 
« over all present traffic and to create more work, both of which 
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appointment, Whatran be expected of men who are think- 
ing of what will be the “ maWing of themselves” instead of 
what is their duty, and what will be the making of India ? 

Such a man of cotrsp, in writing his report, is thinking 
really all the time of what he can write with safety to him- 
self, not what is the real truth of the case, and what will 
consequently be for the good of India; though probably he 
is not the least sensible that he is under the influence of 
such a bias, His real thought is not—what is the truth? 
but what do my supCriors think of the matter ?*go that 
what I write may make them think I am a very sensible 
and judicious man, in consequence of my agreement with 
them. But the duty of a professional man is not {0 con- 
firm his non-professional superiors in the false and crude 
notions which they must necessarily have’ on subjects to 
which they could not possibly give the time and attention 
required to understand them, but to try as far as possible to 
set them right, by giving them the results of the undivided 
attention which he has given to them, and the long expe- 
rience he has had in them. 

In doing this, we must always run the risk of giving 
great offence; of making great men say, “ Why, in so saying, 
you make out that I don’t understand the subject,” and look 
out for some more convenient man who will not disturb 
their preconceived notions. 

But we must either do this or sell India for an income of 
1000 or 2000 rupees a month for ourselves. It is impos- 
sible but that rulers must have comparatively crude notions 
on professional subjects, because they have a thousand 
things to attend to, and they are under a necessity of 
taking superficial views of such things. How should a 
governor, for instance, know how much a single railway 
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will carry ? See if there is one single man in civil authority 
at this moment who will ansyer this'/question, which yet 
lies at the very foundation of the whole subject of transit. 
Ask him, again, on a main line through such a tract of 
equntry, ought the traffic to be 50,000 tons a year, or 
5,000,000 ? He has not the remotest idea; you might 9s 
well ask him to translate a Chinese symbol. 

How can he have? These are just like other things ; 
they are not known by instinct, they must be learnt; and 
the authorities have a right to expect*that the professional 
men will search out such matters as belong to their pro- 
fession, and will give them real information about which 
they have satisfied themselves. > 

But when professional men fitterly fail either to acquaint 
themselves with the fundamental points of their profession, 
or else boldly and conscientiously to persist in pressing the 
truth on their superiors, for fear of their own reputation and 
promotion, when on either of these accounts they will tell 
them it is well to spend £200,000 or £300,000 on locks, &c., 
but that it is a matter of very little consequence whether or no 
500 miles of fertile and densely-populated country 1000 miles 
from a port have effective means of sending their produce 
to market, or of supplying themselves with fuel, building 
materials, and the products of distant countries and pro- 
vinces, ‘and even of food in time of famine, what must be 
the consequence but poverty, ruin, famine, discontent, 
rebellion, “degradation in the eyes of our native fellow 
subjects,” &c, ? 

The man in civil authority sees a railway carrying a 
great number of passengers, and of tons of goods, and 
not having time to inquire into the matter, he never finds 
out that it is the means he does not see, that is doing the 
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great work of the cquntry in the way of transit, the coast, 
the rivers, and the Lee Hye sees the few thousands that 
are carried; it never occurs to him that the question is not 
about them at all, bet about the ten or it may be fifty times 
that number that are “not moved, solely for want of suffi- 
ciently cheap carriage; goods which are immovable, and must 
remain where they are, almost or quite valueless, because they 
cannot be taken to where they are valuable and saleable. 
“Now it is for the very purpose of providing ourselves 
with sound informatien and opinions that professional men 
are paid, and upon their faithfully and at whatever per- 
sonal risk doing their duty in this respect, depends, whether 
the country prospers orqnot, whether, for instance, ‘Seventy 
millions and fifteen years aré expended in giving a country 
4000 miles of communication utterly incapable of doing 
what the cogntry needs, or the same sum on 20,000 
miles of another kind perfectly suited to its wants, and 
which will at the same time incalculably increase its pro- 
duce and secure it against famine as far as possible. This 
‘is not requiring too much of men. An officer in the field 
does not think of what he can do with safety to his own 
life, but of what his duty requires him to do at the risk of 
that life. 

I must also notice in reviewing this discussion, the 
different grounds which Sir Proby and I have taken. 

He has made only a personal affair of it; my sole object 
has been to treat a great public question on public grounds, 
Seen through Sir Proby’s personal spectacles, everything 
I say is boasting, or not complimentary, and so on. I am 
neither boasting, nor complimenting, nor blaming, but 
simply trying to show the true state of the case in respect 
of irrigation and navigation. 
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To the millions of England and India, it does not 
signify one straw whether we person ly have made mis- 
takes or not; but whether the latter shall be preserved 
from famine and favoured with abundant harvests and 
cheap carriage, and whether the former shall have an 
unbounded mine of raw produce, and an unbounded 
market for her manufactures, concerns every man, woman, 
and child in both countries. 

Between 1850 and 1861, the British imports into India 
increased from*seven to twenty-one ryillions ; and if all the 
income of all the districts of India were increased seven-fold, 
as that of the Godavery will certainly be when the distribu- 
tion ofthe water is completed, I should think it extremely 
probable that they would increase rapidly to one hundred 
millions. And &t this moment this depends more than any- 
thing upon the correct answer to the question—Has the 
failure of the North West works been owing to immovable 
obstacles to irrigation in India, or is it solely owing to 
mistakes, fundamental ones, in the projection? Of course 
in discussing this great public question, personal feelings 
cannot but be interfered with. 

I regret extremely that they must; and if anybody could 
tell me how I could bring clearly before the public the causes 
of the success of the irrigation works of Madras, and of 
the failure of those in Bengal, without distressing any indi- 
vidual, or appearing to boast, I should be very glad. To 
me it seems impossible. 

I most fully allow the matter might be much more deli- 
cately handled, without any compromise of truth, by many 
men; but I have endeavoured not needlessly to annoy 
anybody. 

Nothing can be more certain than that if the Godavery 
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works had been constructed on the principles of the Ganges 
Canal, the result wuld havp been exactly similar. Had 
we gone up into the hill-tract to fetch the water from 
hundreds of miles above the level of the mass of the Delta, 
for the sake of an insignificant quantity of land on a higher 
level ; had we left the work without a permanent weir that 
would give an effective control of the water, so that we 
should have found ourselves without it in the midst of a 
famine ;* ‘had we delayed our distribution works whilst we 
built hundreds of bridges; had we expended our time”and 


* “In addition to the usual boulder bunds thrown up annually 
“in the river Ganges for the maintenance of the canal”supply, 
“a third bund was found ngcessary to hold up the leakage 
“ passing through Nos. 1 and 2, and was constrected immediately 
“under the crib-work, unbedded in the river last year to pre- 
“vent the hoMow which had formed there working back, &c.” 
“ The head bunds were completed on the 13th January, 1863, 
“but on the 25th of the same month a flood came down” (in 
the very midst of the cultivating season) “which breached 
“No. 2 bund in four places, and carried away a small portion 
“ of the right flank of No. 3. Bund No, 1 stood intact, though 
“ the flood stood two feet above it, Notwithstanding this flood, 
“ the supply required for the canal being small, was uniformly 
“ kept up till the 21st May, 1863, when, owing to the melting 
“ of the snow in the hills, the Ganges rose. No, 1 Beemgadale 
“bund gave way at about 200 feet from«the right bank of 
“ the river, and continued breaking till the end of the month, 
“ when the breach was widened to 130 feet ; No. 2 bund bad by 
“that time almost quite disappeared, and though the volume of 
“ water passing down the river was very great, and the Hurdwar 
“ bund remained intact, the supply of the canal fell to 5 ft. 9 in. 
“ at Roorhee, 

“ Mr. Sogin was unable -to increase this supply till the rains 
“ get in ; for, with such a vast body of water passing through the 
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money in making deep excavations jn order to leave the 
water below the level at which it Was wanted; had we, 
instead of making use of any old channels that we could 
turn to account for the time, waitgd? till excavated canals 
had been made everywhere; had we executed the navigation 
by halves, building bridges at every three miles, without 
towing-paths under the arches and too low for loaded boats,* 
making the boats go round, instead of the water, giving such 
a current that boats could hardly stem it, &c., &c., so that 
the traffic would be paralysed; had*we built our weirs of 
brick when stone was to be had, leaving them much more 
liable to injury ;+ had we carried on these works upon those 
a 

“bunds, it was impossible to repair them, as they could not be 
“approached even with a boat.”—Canal Keport for 1863. This 
account is surely sufficient to show the desperate mistake of 
leaving such a work, upon which millions of Ives were liable 
to be dependent, subject to such contingencies for want of an 
addition to the cost of 2 per cent. 

* « Although there has been abundance of cotton to send 
“down the country, very few people availed themselves of the 
“transport afforded by the canals, n consequence of some of 
“the bridges being so low that they were unable to load them 
“sufficiently to make it remunerative.”—Canal Report for 
1862-3. . 

+ “Considerable wearing ‘away of the bricks of the ogees of 
“ the falls is observed, and portions of the floorings also have 
“ given way ; the grooves, too, are more or less injured.” “ At the 
“ Azafnuggur falls . . . . a portion of the Chamber No. 4, which 
“had given way, was repaired ; but as the unprotected green 
“masonry failed, the repair had to be renewed and covered 
“with planking, bolted down to the flooring.” “The Mynud- 
“pore Falls which, from the opening of the canal, have been 
“continually giving way, were in & most dangerous state, and 
“necessitated repairs which were executed between the 15th 
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principles, nothing cpn be more evident, even to non-pro- 
fessional men, than tat we should have*spent two millions 
with no adequate returns to this day, instead of paying our 
own way from the very first, and enabling the district to 
pay into the treasury three times the whole cost of the works 
before the whole Delta is irrigated! Had Colonel Smith 
not been unfortunately prejudiced, but had condescended 
to discuss the matter with us, it is impossible that he could 
have seen such results ‘and have learnt nothing from it. 
The fact was, he was Srought up in a false school of engi- 
neering, in which the real interests of the country were 
sacrificed to appearances, the substance to the shadow, the 
major to the minor, aml in which things were done by 
halves. First, the real inter€sts of the country were sacri- 
ficed to appearances: a vast excavation with innumerable 
bridges, but no secure supply of water, and only a trifling 
distribution of the water to the land, 18 or 20 years after 
the works had been on hand. Secondly, the substance to 
the shadow: the preservation of the people from famine by 


“ October, 1862, and the 18th January, 1863. The repairs 
“consisted chiefly in rebuilding the damaged portions of brick 
“ masonry, and covering the floorings with either blocks of quart- 
“ zoze or planking.” On the 13th February, 1863, for the first time 
“ since the canal was opened, the flooring of No. 2 chamber of the 
“‘Jowly Falls gave way immediately below the ogee, and the 
a breaking ‘up of one chamber after the other followed in rapid 
“ succession, causing considerable anxiety. Partial repairs with 
“ brickwork laid in cement, manufactured after Pasley’s method, 
“and loose Delhi stone, have been made, which enabled us to 
“ carry the supply throughout the season.” It is evident that all 
this loss and much greater risk was the consequence of trusting 
to brick masonry. The canal was closed for nearly three mouths 
in the height of the dry season cultivation. 
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irrigating the land and conveying food neglected, while they 
were saved from the incqnveniense of ferries by many 
bridges. Third, The major to the minor: £1,000,000 ex- 
pended to bring the water from, above the only difficult 
country in order to supply a little patch of perhaps 100,000 
acres on a high level, while ten millions of acres were avail- 
able below a level which was clear of all difficulties, Fourth, 
things done by halves: locks provided for navigation, but 
too strong a current, too low bridges without towing-paths, 
dangerous weirs in the direct line éf the pavigesiony narrow 
winding channels to the lucks, &c., &c.* 

It must indeed be acknowledged that all these false prin- 
ciples combined would have failed entirely to counteract 
the wonderful natural adv&ntages of this tract, certainly 
one of the most favourable tracts in the world, if they had 
not been crowned with as false principles of finance, which, 


“* The history of this Ganges Canal puts in a very strong light 
one plain advantage in having these works executed by private 
companies, Shareholders must know whether their dividends 
‘are nothing or 40 per cent., and no reports, however clever, 
can possibly persuade them that there is nothing amiss in a 
work in which two millions have been spent in 20 years without 
a dividend, when various perfectly unbiassed authorities unite to 
testify that similar works are actually paying from 40 to 100 
per cent. It seems.to me pretty certain that one clever fellow 
would be founc, among either the shareholders or directors, 
who would under these circumstances suggest that the opinions 
of some of the Engineers of the successful works should be ob: 
tained, that it might be seen whether they could account for 
the failure, and suggest a remedy. I think they would hardly 
be content to go on year after year, for an indefinite time, con- 
tented with the reports of their own Engineers, that, in spite of 
appearances, everything was cofducted ‘in the best possible 
manner. 
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when millions had begn spent on the main works, would 
not allow the small ae required for the distribution of 
the water, which has been lingering on for so many years. 
Fifty millions have beén spent on works which could not 
pay interest, or prevent famine ; while £200,000 or £300,000 - 
has been “withheld, which was wanted to complete these 
incalculably important works, to enable them to pay their 
interest, to save the lives of hundreds of thousands of people, 
and to convey more goods and passengers on this one line 
than all the railways in ‘India can carry. . 

To return. Neither the failure of bis own principles of 
construction, nor the success of other principles, could 
bring Colonel Smith even t say to us, “ But I should like 
“to hear what you yourselves say is the cause of this 
“success.” It seems very remarkable that there was not 
at that time in the Government of India, or in that of the 
North West, one person who had the wit to put this 
awkward question to Colonel Smith :— But if all those 
“ works are carried out upon wrong principles of operation, 
“and yours upon right ones, how do you account for it 
“that those have had such unprecedented results while yours 
“have aseremarkably failed?” And if this question had 
puzzled him, have then said—“ Well, if you cannot answer 
“this question, we will see if the Madras officers can.” 

Perhaps, however, it was as well that thé full discussion 
of it was deferred till now, when the whole case is so deve- 
loped, that there can be no possible doubt about it on the 
part of those who are not committed on the wrong side. 

The fundamental point in the whole subject is the pro- 
digious difference between the necessary cost of water when 
obtained by works on a farge scale, and its value when 
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on the Godavery have cost up to this time £420,000, be- 
sides repairs, and about tro-thirds : it the land are watered. 
When about £500,000 hag been spent, the water will be 
distributed over about 1,200,000 acres, which is 8s. 4d. an 

, acre, and at 10 per cent. “for ifterest and repairs, 10d. a 
year per acre. At the present prices the difference in a 
rice-crop by irrigation is about £8, and it is now said that 
100 pounds of cotton per acre is gained by irrigation ; 
which, for the tropical cotton, which is short in staple, 
would be worth now on the spotsabout £6 (at 1s, 3d. the 
pound) ; but this is besides free navigation and a second 
crop. 

Ia such a case, economy congists not in saving 20 or 30 
per cent. of the cost of the works by executing them with 
great deliberdtion, but in saving time and getting the water 
upon the land without losing a year. [Pad the Ganges 
works been executed on these principles, it is most certain 
that land could have been watered the very first year, and 
irrigation with effective navigation have been extended 
throughout the Dooab long before this down to Allahabad,* 


* Among the strange delusions that were indulged in with 
respect to these works, one was that the river navigation could 
not be injured by them ; and papers were written to prove to 
demonstration, that, after 3 $ of a million of cubic yards an hour 
were taken out pf the ‘dee there would be just as much left 
in it as there was before. One proof was that the Jumna 
Canals were shut for a short time (not long enough to show 
the full effect), and when it raised the water 1} feet—the pre- 
vious depth being 2 or 3 feet—it was exultingly said, “ Didu’t 
“we say so?” And this was given as conclusive that the navi- 
gation would nof be injured. It could not of course make any 
difference to a boat drawing 3 fees whether there was 2 feet or 
$1 feet of water! It seems incredible that such things should 
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with no issue of money from the Treasury excepting just 
to start the works. ere is nothing whatever in the two 
tracts to make any essential difference in the results as 
respects either time or inoney. And the Dooab is decidedly 
the easier tract of the two to irrigate. e 
Now I speak with the utmost confidence when T say that 
these works might have been so planned as for a million 
sterling to have provided a perfect navigation from Meerut 
to Allahabad, and to have irrigated two million acres at 
least, besides giving hurfdreds of miles of navigation on the 
branch canals, and that such works like ours on the Goda- 
very should have paid from the Yéry first. Upon our prin- 
ciples, we should have begun with the construction”of a 
permanent dam below the Sciani, which, for so small a 
river only (one-sixth the volume of the Godavery) need not 
have taken above two years, and we should have cut, the 


be. Ina late Delhi Gazette it is stated that “the quantity of 
“water drawn from the rivers by the canals has seriously affected 
“the navigation of the Indus.” What a wonderful discovery ! 
who could have imagined it? Think of a man emptying half 
the water out of a bucket, and then finding there was not so 
much in it as there was before. Of course nothing but actual 
experiment could convince any one of such a phenomenon, 

The stoppage of the canal, therefore, at Cawnpore was a ter- 
ribleevil. The injury done to the river nagigation by diverting 
so large a portion of the water from it (the quantity thrown 
into the canal was about half of the usual cold season stream at 
Cawnpore), when it was very“imperfectly navigable before, 
made it imperative that canal navigation should be substituted 
for it between Cawnpore and Allabahad. 

The water was indeed a serious loss to the navigation even 
below the latter city ; but after the addition of the Soane and 
the Tonse, the difference matle by the abstraction of the canal 
water was not 80 great as above. 
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first season, a moderate canal from it, 30 or 40 miles in 
length, so as to bring the water out at once on to the table 
land, and irrigate the first’ year, making temporary dams 
till the permanent one was completed. We should at the 

Same time have begun at the mair#line of the canal through- 
out its whole length to Allahabad, cutting only what was 
necessary to form the two banks, and constructing the 
locks and waste weirs so as to bring the navigation into 
operation in the shortest possible time, that the natives 
might learn to use the canal, leaving it toll free, as we have 
in the Godavery. The second and following years the 
irrigation might have been rapidly extended. In this way 
I are certain that the whdle work might have been carried 
out with the same success,as ‘the Godavery works, that 
long before this the whole Dooab might have been both 
irrigated and pervaded by a completely effective system of 
navigation, suited both for fast steamers and for the heaviest 
cargo“boats, and that we should have seen the same increase 
of revenue, of traffic, of exports, and of income of the land- 
owners and labourers as we have seen in Madras. In fact, 
there was to be expected a much more rapid development 
of the Dooab, for there much had already been done in the 
way of roads, &c.,“to raise the landowners, whereas in 
Rajahmundry nothing whatever had been done, and the 
people were in, such a depressed state, so sunk in poverty 
and helplessness, and so overwhelmed with debt, that they 
were in a far less favourable position to take advantage of 
the new openings. 

I must conclude by expressing my unqualified satisfac- 
tion at this discussion. I feel confident that the irritation 
produced by it will be quite temporary, but that the results 
of it will eventually be extremely important. People in 
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any way concerned in the well-being of India have now 
before them both sideg of a question” of incalculable impor- 
tance to that part of the empirt (and to this too), and those 
who are not entirely committed to one side will be able 
from these materials to frm a sdund judgment of the main 
points of the question. Tho publicly declared utter failure 
of the Bombay Railway at this time to meet the demands 
of trade, where there was not, as in Bengal, water transit 
to fall back upon, will also greatly help to put the matter 
in its true light. é é 

I cannot promise, as Sir Proby has done, that these shall 
‘be my last words on the subject,—I should rather promise 
to hold myself in readiness to do my best still to clear up 
any remaining doubts that. may be started on the subject. 
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APPENDIX. 


I wave just obtained copies of the Calcutta Government Glazette, 
containing various papers on the Ganges Canal. In all these 
there is the fullest acknowledgment of "great essential defects in 
the project, and the object of them is mainly to discuss the re- 
maining question, viz, what works are required to “remodel” 
the Canal. They contain roughsestimates of no less than 
£400,000 and £560,000 for Works on two different plans for 
this purpose. ~The papers consist of reports by the officer 
lately in charge of the Canal, by a committee of Bengal Engineer 
officers appointed to examine this question, by an officer after- 
wards set apart to prepare the plans and estimates, and also 
‘one by Sir Proby Cautley recommending an entirely new Canal 
to be cut parallel with the present one, from which it is to 
branch off at 20 miles below its head, in order that the water 
may be divided between the two, as a remedy for the injury 
which is at present done to the bed and sides of the Canal, and 
to the masonry works, 

There is therefore’ no longer any question about essential 
defects of projection ; the subject is now confined to these two 
points: What are the remedies to be applied?—and conse- 
quently (which is the essential point at this moment), is the 
mode of “remodelling” the Canal to be settled solely by the 
officers connected with the present failure, or is the matter to 
be fairly and openly discussed, so that the opinions of other 
men, and especially those who haveshad experience in successful 
works, may be clearly brought forward ? 
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I must here plainly state my own opinion on the plans 
proposed in these papers, for the “remodelling” of the Canal, 
that they are all based uponras utterly false principles of 
hydraulic engineering in India as the original project, and 
that, if they are carried eut, another half million—more pro- 
bably a million—will be expended, and 5 or 10 years more 
lost, without attaining the desired object of putting the project 
into an effective state. And is it not perfectly natural to sup- 
pose that it would be so? All the officers who have yet given 
an opinion have been brought up in this false school, and it 
must necessarily be thaf, before they can plan “correct works, 
they must be set right in fundamental principles, Surely the 
smallest degree of common sense requires, that in such a case, 
the opinions of others shguld be heard, and especially when 
there are those who have bee employed for many years in 
precisely similar works which have been not mérely no failures, 
but extraordinary successes, 

It is very remarkable that in the very same gazette which 
contains the Resolution of the Government of India on this 
subject, there is given an official return of the results of the 
great Hydraulic Works in Madras, showing net profits as 


follows, for 1862-3 :— 
Per cent., per annum, 
Upper Colleroon Anicut . 


Lower »  inTanjore . 8% 

” ” » inS. Arcot . 346 
Kistnah Anictt . 2 2. % 0. 15 
Godavery ,, 4 ten ve . AT 


And the total of profits, “after paying 4 per cent, interest, on 
capital,” as follows :— 
Upper Colleroon Anicut. . . . £1,168,180 


Lower 3 » in 8S. Arcot 643,419 
Kistnah Be eh he oe 57,733 
Godavery a oe 949,839 


Total . . . . £2,819,171, 
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on a total cost of £564,651; so that, on an average, these 
four great works have paid into the treasury after deducting 
repairs, interest on capital, &c., dbout 5 times their cost, though 
two of them are yet unfinished, and qne, the Kistnah, has 
not yet been completed to the exteat of watering one-fourth 
Of the land commanded by the Anicut! 

“Ts it not most remarkable that neither in the papers of the 
local engineers now published, nor even in the resolutions of 
the Government of India, is any allusion made to this, by far 
the most important fact connected with the question of the 
failure of the Ganges Canal? In the whole of their documents 
this great fact, so calculated entirely to remove the despondency 
caused by that failure, is whally ignored, and the papers are 
all written as if the writers could Maly guess and hope about 
the results of irrigation in India being profitable. 

It is quite intelligible how the local professional officers map 
feel it unpleasant to refer to such different results, yet even 
they might fairly have been expected so far to let public teelings 
and duty overcome private feelings, as to consider these facts 
so essential to a right understanding of the case ; but what can 
be said of a paper from the general Government of India so 
entirely yielding to local prejudices as to keep out of sight such 
decisive proofs that there was no necessity for the failure in 
the North-West, merely be@ause those proofs came from 
another Presidency. 

Nobody can possibl) fail to see that in discussing the failure 
and the remodelling of the Ganges Canal, this question requires 
to be answered, how is it that other hydraulic works in India 
are at this moment extraordinary successes! while this has so 
remarkably failed? And what do the officers connected with 
those works say on the cause of this failure? In geneval, when 
men meet with failure and disappointment, they look about 
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But further, all the writers of these papers had before them 
at the time’a full dtscussion of the subject, containing the 
opinions of such an officer, and’ these also are entirely ignored, 
and all the papers are, written exactly as if no reason had ever 
been assigned for the failure, 42nd no plans had ever been 
proposed by one who from his experience in successful work§, 
had a right to give an opinion on the subject. I am sure in 
this printed discussion the causes of the failure in the North- 
West, and the plans for correcting the works, are not only 
asserted, but fairly argued, and in such a case it seems incom- 
patible with public dity to attempt to decide on a public 
question of the very first importance, without the least 
consideration of such facts and arguments. 

In these Government Resolutions, it is said, “the high value 
to the cultivators of works désigned for this object is too well 
‘known too call for special comment, but ‘to admit of the 
Government extending them to all parts of the country, as 
fully as may be desired, it is quite essential that it should be 
shown that they may as a rnle be made remunerative to the 
State. . . . . . The Government of India anxiously 
desires to do what may be practicable in the way of extending 
the benefits of irrigation to all districts of India. But it will 
obviously be a necessary preliminary before any extraordinary 
outlay on such works can be sanctioned or recommended for 
sanction to Her Majesty’s Government, that decisive proofs shall 
be given that there is reasonable grourfd for expecting that no 
financial-embarrassment or loss shall arise’ from such outlay.” 
Who could have imagined that that very Gazette expressing 
these “anxious desires,” should contain such unanswerable 
* proofs that no financial embarrassment or loss shall arise from 
such outlay,” as official returns of four great works having paid 
into the treasury five times their cost before two of them are 
completed, and that no notice whatever is taken of this proof that 
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ment paper ig written exactly as if we had no alternative but 
to guess whether such is the cage or not? The paper then goes 
on most strenuously to enforce upon the officers of the Depart- 
ment the great duty of “ making, th the *works in their charge 
productive of a fair money return to the State,” and for this 
end they are to do Everything excepting one, that is, look into 
the case of those great works which are now extraordinarily 
productive, and ascertain why they are so, and from that com- 
parison why the North-West Works have failed. 

Who would rot have expected that sych earnest exhortations 
to the officers to make their works pay would have ended with 
something to this purport :—It is certain from the results"of 
the great hydraulic works of Madras herewith published, that 
these works can be so constructed” as to yield extraordinary 
returns to Goverpment, and therefore the very first duty of the 
officers of the irrigation works in the North-West will be 
to make themselves thoroughly acquainted with the principles 
on which those works have been constructed, and to discover 
what the great difference is between them and their own works, 
which has caused such unnecessary failure, and what can now 
be done towards putting these works in the same highly 

. prosperous state as those of Madras?” 

The comparative returns as given in this Gazette of those 

five works are for the year 1862-63, as follows 1— 


pst. Profit. Loss. Per cent, 
Ganges Canal . . €2,006,000.. —  .. £18,000. . £ 1 loss. 
Madras Works, 
Godavery..... 337,000 . . £160,000... — .. 47 profit. 
Kistnah 2.2... 191,000... 29,000... —- .. wD, 
Upper Colleroon = 
“kaiont.. . ¢ 24,000... 64,000... ++ 270 4, 
Lower ditto. . .. 34,000... 52,000... — .. 150 ,, 


Tn the Gazette the Lower Collerdon Anicut is given in two 
a : . : . 
separate items, because it affects two different districts ; in the 
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above I have added the two together. Now, can it be denied 
that the question is, what is the yeason that our work has yielded 
270 per cent. net profit, and the Ganges Carfal 1 per cent. net 
loas? and that a work begun ten, years after the latter, and not 
yet near completion, is already yielding 15 per cent? The Resg- 
lutions of the Indian Government estimate that the Ganges Canal 
may yet yield 7 per cent. net profit, after spending £400,000 
more on the “remodelling,” making the “total capital charge 
£2,750,000.” This, however, leaves out a million, the present 
amount of interest, making the total sum swak £3,750,000. 
This return is also calculated on the present water-rate doubled, 
which was ordered to be carried out at once. When the 
Godavery and Kistnah Works 4re completed there ienot the 
least room for doubt that thgy will-return net 100 per cent., 

and the two Tanjore Works taken togetherare now yielding 
200 per cent., according to these returns, 

I cannot conclude without expressing my own distinct 
opinion after long examination of this subject, and hearing all 
that Sir Proby Cautley has said in answer to my arguments, 
that the locality of the Ganges Canal was at least as favourable 
as those of the Godavery and the Kistnah, and that there is 
even now nothing in the world to prevent its being made to 
yield abundant profits, notwithstanding the great waste of 
money which has already been incurred, if only the re-forma- 
tion "of it is carried out upon sound principles, such as those 
which are adopted in Madras, and which produce the asto- 
nishing results just published by the Government in the gazette 
of India. 


THE END. 
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PREFACE. 


Tuzsz Nores have beef writteh for two reasons,—one, in 
consequence of the following paragraph contained dn the Com- 
mittee’s Report; the other, on account of the expression 
which occurs in a Despatch from the Secretary of State to 
the Government of India, dated Jondon, 24th July, 1866, 
and published in the Gazette of India of the 22nd September, 
1866, 


Exrraer No, 1. 

“They regret that, owing to the urgent pressure of his 
“ duties in Cuttack, Colonel Rundall was ufable to join them 
“in their inspection of the Ganges; and although that officer 
“ offered to reply to any written questions referred to him, they 
“did not consider it expedient to delay their proceedings for 
“that purpose, when personal examination of the localities 
“seemed essential for arriving at a correct opinion. So far, 
‘however, as can be judged from Colonel Rundall’s unofficial 
* communicationg, it’ would appear that his views as to the 
“best site for the Weir and Line of Canal near the Solani, do * 
“not differ ‘materially from those adopted by the Committee.” 


* 


Extract No, 2. 

“Your not having yourself been summoned to attend th® 
“Committee is sufficiently explained by your absence From 
“India; and the suggestion to the Committee to take the evi- 
“dence of Glonel Runiall, Joint genarter with yourself on 


( iv. ) 
‘the Ganges Canal, evinces the desire of Gevernment that 


“the deficiency caused by your ,absence phould be as far as 
“ possible supplied.” 


The concluding words of the Committee’s paragraph 
might lead to the inference that the results of their investiga- 
tion did not. differ materially from ‘my views. Ny notes will. 


show how fat such is the case. 


The extract frorh the Secretary of State’s reply to Sir A. 
Cotton supposes that his views would be represented by my 
evidence before the Comufittte. Had I been able even to be 
present, tt it would have been at best but a feeble representation 
of those views. I have, howevet, given the opinions that 
twenty-three years’ continuous experience on the great Delta 
Works of Madras and Orissa, and an inspection of the great 
rivers in the North-West of India: and Oude, have enabled 


me to form. 
F. H.R, 


Corrtacr, } 
Sep, 25th, 1866. 
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‘| —Tue first of the advantages ascribed to the higher 
Rerorr, Page 4,Para.& site at Hurdwar, viz., the diminished 
quantity of silt entering the Canal, is absolutely a disadvan~ 
tage. However difficult it may be’ for the Engineer to deal 
with, it is nevertheless one of most material importance in 
the commercial aspect of an Trrigation Project. Every 
cultivator knows the value of ‘theémuddy water;” and Irriga~ 
tion from a canal i is the moré highly esteemed, when it con- 
veys manure in the shape of rich deposit as well as water to 
the fields, One of the objections urged against the Godavery 
Project by the Revenue Officers was that the river embank- 
ments would deprive the fields of the high manuring from silt 


’ which they had hitherto received. The real fact was, that the 


channels conveyed the silt-laden water all over the district to 
places which it had never before reached. 

2,—The second advantage is more imaginary than actual. 
It is more difficult to control a river which has a fall of 9 feet 
per mile than one which has one of only 1' 6"; and where, as in 


. the case of the Ganges at Sookertal, the current is so moderate, 
“the material held in suspension so fine, and the depth of the 


river so small as 11 ft., the works necessary to prevent its 
wandering and to train its course need be but of a very 
simple and cheap description. The fact of the slightest ob- 
stacle in the shape of a fallen tree being sufficient to turn it 
out of its course and set it wandering, only shows that the 
same obstacle put in the right place,-instead of being for- 
tuitously in the wrong, would be sufficient to produce. the 
requisite effect for giods ‘as it is otherwise of evi, +. 
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. a 3,—The description given of the Khadir land, with respect 

: x cy, Pages, Paras. sande to its superficial crust of alluvial soil 

j He co upon masses of sand of “anknowh: depth, is equally 
Pa 
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veh ieee to all Deltaic formations, the difference eing in the 
one case that the alluvial crust is,much {thicker; but even in 
2 Dra of old formation this crust varies exceedingly, that is 
‘to say, the river, where uncontrolled, has wandered away from 
¥ its original course, and flows perhaps at present through some~ 
™ N more recently formed land. In several places in the Godavery ; 
ae this has happened? At the Head of the Delta, the alluvial 
4 soil is from 20 to 30 feet thick where the Anicut abuts on 
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a at “either bank. A couple of miles lower down, the river had 
. 4 J left its original bank, haVing thrown up an immense island 
* “Ss higher than the main land, the substratum of which was 

, } ay entirely sand, with 3 to 4 ft. of alluvial soil upon it, Pre- 
~ a  # vious to the construction of the Anicut, the artificial em- 
$ by 4 bankment of the river was carriéd along the main land; but 
2 oN f ‘as there was a small arm of the Godavery, which corresponds 


something with that of the Buddi Gunga at Sookertal, it was 
taken advantage of to form the Main Canal, and the new river 
embankment was thrown beyond it, enclosing an island vary- 
ing from 100 yards to one-third ofa mile in width, Wher- 
ever the river (which be it remembered is nearly 30 ft. deep 
in floods, or 24 times as deep as the Ganges at Sookertal) 
made a set on the bank, protective measures were immediately 
undertaken, It is true stone was obtainable within four or five 
miles; but further experience has shown that stone is not 
alsvays the best material for the purpose, espocially in shallow © 
rivers. Where there is great depth, it is difficult to make 
groynes with only posts and brushwood; but where the depth 
is under 15 feet, the latter are the best materials, inasmuch 
as they do not oppose an impervious obstacle to the stream 
like stone, but merely checking the velocity and diverting the 
direct set, such groynes permit the silt and sand to be carried 
through, and aie on the dower as well as on the upper 
ae 
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curable within, 50 miles, no other defence is used; the river 
groynes and revetitients—vauganies as they are dase called— 
are built with cocoahut and palmyra trees, faced with mat-work 
made of tl leaves. Perhaps there is no river watched with 
more care or so successfully as the rivers in Tanjore are, and 
yet“hot an ounce of stone is used thereon. There were also 
successful instances of thege postyaid brushwood groynes or 
the Godavery; and I have since invariably adopted them on 
the Mahanuddy, particularly in a situation whére the river 
eroded the bank 300 yards in width in a very few days, and. 
where the soil of the bank is nearly pure sand. Now posts 
and brushwood cannot be difficult or expensive to procuré in 
the neighborhood of Sookertal, anf would doubtless prove as 
effective there as they have been elsewhere. Moreover, the 
very construction of the Weir itself would cause such a regu- 
lation of the river bed, as to render the c6ntrol of its banks in 
its immediate neighborhood Eomparatively easy. 
5.—The extract from Sir Arthur Cotton’s letter scarcely 
gives a fair idea of his views. The whole paragraph, of which 
it is only a part, impresses the necessity for a careful watch 
upon the changes of the river bed; which unless taken in time 
would be productive of the most injurious effects—a truth of 
which there has lately been unpleasant proofs in the case of 
the Lower Coleroon Anicut, which after having stood success- 
fully for 25 years, and many of those under the care of the 
President of the Committee has, as I understood from himself, 
sustained injury just for want of such careful watching. 
6.—Sir Arthu Cotton’s letter, if it proves anything, proves 
that “after he has seen the Ganges he has reason to alter an 
opinion formed previously, and that he does not consider the 
one river less amenable to control than the other. 
7.—The extract from Captain Haig’s letter has no bearing 
on the question, He is simply writing of the course of the 
Upper Godavery in its non-Deltaic region, with a view to ex- 
plain to those conversant only with the Ganges through its 
alluvial tract, that the scene of his operations are laid i in a por- 
tion of the Godavery whith does hae cas of that character. 
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Para. 13, 8.—The obviousness, therefore, of the 
conclusion drawn by the Committee is not so apparent as at 
first sight it might seem to be. * : 

9.—The body of water being so much smalley the depth 
and the velocity of the current so much less, the bed and banks 
of the Ganges are naturally formed of a material less compact 
than those of rivers carrying immense volumes at great depths 
to the sea, Its power of erosion, ceteris paribus, must be less,- 
and the measures necessary for its control therefore easier and 
more economical, 


Heap Wonrxs near Sooxertar, 


10.—It is not clear how the Committee arrive at the quantity 
of 516,000 c. ft. per second as the discharge of a possible ex- 
treme flood at Sookertal, as the meximum rise at Futteghur is 
given at 10’ 8,’ and the apyfication of that rise made to the 
section at Sookertal gives only 279,000 cub. ft. per second, 
which corresponds with the quantities estimated by Sir P. 
Cautley for the diseharge at Hurdwar and the Solani, with the 
additions estimated by the Committee. The actual maximum 
section given at Sookertal, Sapposing that the velocity of the 
spill water followed the same rules as that in the main channel 
of the river, gives about 450,000 c. ft. per second; but as the 
Committee do not take this maximum flood into account, it is 
unnecessary to say more than that it is probably greatly over- 
estimated, as calculations of spill water generally are. 

11,—The calculations which follow of the relative lengths 

"Para, 15, of Weirs on the Godavery and Ganges 
to discharge their respective floods is given in an apparently 
popular form; but being so given, do decidedly lead to in- 
correct inferences being drawn therefrom. 

12.—In the first place, the Godavery is treated as though 
there were an uniform depth and velocity of water over the 
Weir at the top of the floods, and the latter is given at 8 ft. 
per second, This.is not exactly the case, Itis correct for the 
Dowlaiswaram, but not for that of the Vejaishwaram branch 
of that Anieut, the watyr-way of, which in high floods is 


a ST Ee 


4 


( 5 ) 


contracted 60@ yards out of a total length of 1460 yards, 
while the bed of tiyftiver bging two feet lower, the obstruction 
caused by Yhe Anicut is consequently greatly increased. The 
velocity ovéy this work at certain stages of the flood is nearer 
16 than 8 feet per second. * 
13,—-The comparison of the velgcity over a Weir on the 
Para, 16. Ganges 2206 ft. long is likewise errone- 
ously made, It is stated that it would require to be 32 feet 
per second, or four times as much as that of the Godavery ; 
but it is omitted to be shown that to obtain that velocity there 
must be an enormous head of water, and that therefore there 
must be a conrespondingly increased section passing over the 
lip of the Weir. The actual conditions to discharge 280,000 
c, ft. per second over a Weir 2200 ft, long, and submerged 
four feat on the lower sides would require a head of less than 
5 feet, The sectional area gf the whole film of water passing 
over the top of the Weir would thus be increased to 19,800 
feet; and the mean velocity would be not 32 feet, but a fraction 
over 14 ft, per second—less than that which the Vejaishwaram 
branch of the Godavery Anicut has at one period of the flood 
to withstand. 
14,—Whether it would not be more desirable to lengthen 
the Weir and reduce the overfall may be a matter for discus- 
sion, and I should unquestionably advocate its being so 
designed; but there would be no more difficulty or risk in 
exposing the Weir to that overfall than there is at Vejaishwa- 
ram,—indeed much less, if a vertical fall is substituted, as 
thereby the force of the overfall $ much sooner destroyed, 
15,—Were the Weir reduced one foot in height below 
what Sir A. Cotton proposed, and increased to 3000 feet in 
length, the overfall would be reduced to 3 feet. The sec- 
tional area would then be 24,000 square feet, requiring a mean 
yvelocity af 114 feet per second to discharge the volume of 
280,000 cubic feet. In the etent of a maximum flood of 
500,000 cubic feet, the sectional area of the film passing over 
the crest would be inergased to 34,500 sqr. feet, requiring a 
mean velocity of about 144 feet pe second—the same result 
e 
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which the Committee has giver. for a Weir.4006 feet long and 
only 5 feet high. The difference-arises frpm the Committee’s 
omission to take account of the sectional area afforled by the 
head necessary to give the additional velocity. 

16.—The afflux in the first instdnce is 14 feet, and the other 
2% feet more; but where the level of the maximum flood at 
Sookertal is so little above’the Ie¥el of the Khadir, an em- 
bankment of moderate height would suffice to protect it. At 
a site where masonry is expensive, and earth-work moderate, 
the design requiring the least possible of the former should 
be preferred, 

Para, 17. 17,—The expression, “15 feet above 
the deep bed,” ised in this para. is calculated to mislead. 
The fact of the Ganges at Sookertal running a few feet deep, 
(it is drawn as only three feet,) while at the site seleeted by 
the Committee the pool is ten feet deep, shows that the depth 
is only fortuitous—more in one place than another; and the 
fact that navigation above Cawnpore in the lowest state of the 
river is impracticable, shows that there must be less than three 
feet over the shoals, The height of an Anicut above the 
deepest part of the bed of a river therefore is no criterion 
of the obstruction it opposes, or of the trial to which it is 
exposed. Its height over the mean bed determines both; for 
the construction of a Weir across the river tends to equalize 
the bed both above and below, and in so doing clears away 
all high sand banks, and depresses the level of theelower bed, 
yet it at the same time causes all deep holows to be filled up, 
and so the bed to become tolerably uniform, The Weir at 
Sookertal 6 feet above the summer level, would therefore not 
be 15 feet, but between 8 and 9 feet above the mean bed at 
that season. 

18.—Such being the case, the iletsicibie as to aificulty, 
danger, and consequent noel of expense thereon, lose 
their force. 

19,—The raising the surface by means of planks on the 
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-nuddy Weir they will be 3. Because a difficulty has been 
experienced in tha Godavezy ig their timely removal, is no 
reason wh that difficulty should not be overcome; on the 
- contrary, i aetna arrangement is designed for the Weirs 
in Orissa, which will obviate the difficulty entirely, and allow 
of all the planks being lowered in ap hour. ; 
20.—Passing over the paragraphs 18 to 27, which relate to 
“the Canal, the Committee return to the design of the proposed. 
Weir, which it is said assimilates to a considerable extent to 
that of the Godavery Anicut. 
21.—The sections of both works are given, and it is difficult 
‘to see wherein the assimilation consists; for that there are no 
points of resemblance, except in the width,from the Weir to 
the tail of the aprony‘is evident, by the pains taken to explain 
why the difference of dimensions in every particular is 
adopted. With those conclysions, my experience would have 
__ led me to offey evidence of an opposite character. . 
; Para, 29. First, as regards the foundations, 
22.—The upper side of a Weir is eposed to scouring 
action, principally when pierced with many sluices, which 
generate parallel currents, or when the alignment of the’banks 
forming the approach thereto has been disturbed. The pas~ 
sage of sand below the work cannot take place unless there is 
a hole in the rear of it into which it can be forced. It is only 
when the Weir stands, as it were, on a pinnacle, with a deep 
hole above and below and close to it, that such action takes 
place. The instance quoted of the Coleroon Anicut, I have 
no doubt in my’own mind, happened from that cause. The 
explanation given by Colone] Sim, it must be remembered, 
was written 30 years ago, when the experience in Weirs across 
large rivers was but limited; but the explanation afforded by 
. that officer goes to substantiate the above-mentioned view,— 
because when the width of apron was increased, the filtration 
decreased, though aided withofit doubt by the puddling of 
clay deposited on the upper side, probably by the river itself. 
23.—The Committee however believe that, owing to the 
exceeding fineness of the Ganges*sand, this filtration would 
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be much more likely to ocey:, and the sand étself be more 
easily moved. My own opinjon,is that fhe opposite action 
would ensue. The’ finer the substance of whichfa filter is 
composed, the more of the matter held in susper/.ion of the 
filtered liquid is retained. Consequently more of the Ganges 
silt would be deposited in the very act of filtration, and so 
tend to puddle the upper si¢e of the dam sooner than in a river 
where the sand is coarse and more-open, As regards the finer . 
sand yielding sooner to a scouring action than the coarser, it 
can make but little“difference wherever any velocity is gener- 
ated sufficient to produce a scour at all. When the sand is 
of unknown depth, as it is in all Delta riverspno depth of 
' wells will prevent filtration of water taking place, and no wells 
or blocks could ever possibly be sunk so close together as to 
prevent an entirely impenetrable barrier or “ water-tight 
screen,” unless indeed a singie block the whole length of, the 
Weir could be so sunk. - 7 
24,—Therefore the water would, notwithstanding, find its 
way through the gpaces between the blocks; and supposing 
its passage to be greatly obstructed, it would only result in 
additional pressure being generated, and therefore probably a 
greater proportional degree of filtration, The experience of 
Weirs in the Madras Presidency, notwithstanding the accidents 
alleged, entirely goes to show that great depth of founda- 
tions is not essential. The Rallee branch of the Godavery 
Anicut has no wells; and though there has always been more 
or less filtration of water beneath it, there-has never been any 
removal of sand, or consequent subsidence of the work. 
25-—On the river Mahanuddy, the Weir, which has been 
built at the bifurcation with the Katjooree, rests on a mass-of 
rough stone, which was originally constructed for the purpose 
of a groyne, has no wells under its upper retaining wall, 
which is built with mortar only from one foot below the sum- 
mer level of the water. The section of the Weir is almost 
identical with that of the Kistna. Its object being to reduce 
the quantity of water passing down the arm of the Mahanuddy 
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contracted. Gonsequently tha plunge or overfall is very Vio~ 
jent, and does not as in other Weirs diminish in proportion to 
the heigha of the food, but on the contrary increases. The 
leakage urMer this work is almost nothing, although the bed 
consists of pure sand, and shere is a pressure of 11 feet when 
the upper water is just level with the crest, 
“26.—As regards the securing agtion, of which an example is 
Para, 32, taken from one of the Godavery Reports, 
the inferences drawn therefrom are not suitable in the parti- 
cular point to which the Committee apply it. The wing wall 
in question projected, as stated, 260 yards into the bed beyond 
the natural bgnk of the river. It was 32 feet high, of which 
23 feet were above the level of the then crest of the Weir, 
This therefore presented an enormous obstacle to the river in 
full flogd. Let this be qontrasted with the position of the 
Weir at Sookertal, where it is*proposed not to contract the 
ordinary watey-way of the river between its natural banks, 
but to double it by making the Weir 4000 feet in length, In 
a maximum flood, supposing that the Khadir were not em- 
banked, the wing wall would stand about six feet above the 
level of the ground, which the ordinary flood does not teach, 
and a maxinrum flood overtops about 24 feet, 
27.—The Committee state that the length of Anicut limited 
Para, 33, to 4000 feet is only § of the width of the 
channel of the river during high flood, and add, that it is 
therefore certain a scouring action similar to that above-men- 
tioned would result. It would seem that they could not have 
been aware that the length of the Godavery Anicut, when 
compared with the width of the surface of the river when in 
Alood, is precisely the same, viz., 4000 out of 7000 yards! , 
28.—The islands on which the respective branches of the 
Anicut abut being covered from 3 feet to 6 feet deep in a 
maximum flood, it was of course necessary to throw high em- 
bankments across them in order*to prevent the flanks of the 
Anicut from being turned, but no injurious effects have been 
thereby experienced, and no action similar to that produced, 
as on the wing wall just mentione@ 
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29,—The expeffence gained. there then does not certainly 
corroborate the nécessity for the expensive precautions which 
have been recommended for the Sookertal"Weir. , 

30,—The length of the wing walls, and the Mages of con- 
erete allowed by way of protectiqn, are certainly four times 
greater than there is any occasion for; while for the protection 
of the natural banks of the Khadir, brushwood spurs would, 
T am persuaded, be found more“éffectual than any stone work, 

81,—The closing of the dam would undoubtedly be attend- 
ed with difficulty and expense; but one source of difficulty 
experienced at the Godavery would be wanting in the Ganges, 
and that is the height of the temporary dams. There it was 
necessary to retain the wéter on a high level to ensure suffi- 
cient depth for navigation for the transport of material, The 
floor of the under sluices being 4 feet above the level of the. 
bed, no water could pass through them until the river had 
been raised to that level, and a further head was nécéSsaty in 
order to obtain the requisite sectional area and velocity. In 
November, when gperations in the bed of the river first com- 
menced, the volume passing was 18,000 to 20,000 cubic feet 
per second; and in November last, when the temporary dam 
across the Mahanuddy was commenced, the volume was 30,000 
eubic feet per second. In the Ganges, the floor of the sluices 
are proposed to be laid on a level with the bed of the river ; 
hence the height of the temporary dam, and therefore of the 
head of water would necessarily be much less, 

32,.—The dimensions for a Weir across the Ganges at 
Sdokertal, where the section as given is preferable to that at 
Raoli Ghat, I consider as altogether unnecessarily large, and 
nok warranted by the experience gained on the Madras Works. 

33.—The section given of the Godavery Anicut is, if F 
mistake not, that of the Vejaishwaram branch, the height of 
which is now 16 feet, exclusive of the boards above the sum- 
mer level. The length of apron shown is 153 feet from th 
crest of the Weir, . : 

34,—The section proposed for the Sookertal Weir is a wall 
5 feet above low water, 7,8 feet above the mean bed in sum- 
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mer, The length of apron, with vertical fall, js given at 170 ft., 
of which no less than 50 feet ar to be of dressed stone. 

35.—The sectior? of the B&vanuddy Anicut, in its finished 
portion thix year, is a wall 10 feet above the lowest summer 
surface, with a sloping apron of 100 feet from the crest of the 
Weir. For the greater portion of it, where exposed to any 
considerable overfall, the apron is oftly 75 feet wide, 

36.—In Weirs with a vertical fall, it is absolutely a mistake 
to.make the cut stone apron too long. It shouldbe no longer 
than is necessary to withstand’ the blow of the overfall, and 
the counter blow of the recoiling surf which takes place at 
particular stages of the flood. The object being to kill the 
actelerated velocity a3 soon as posstble, the water should meet 
the inequalities of the rough stone apron at a short distance 
ffm the overfall. Ina long-dressed apron, the water shoots 
off .without meeting any obstacle and consequently maintains 
its Zoypaired momentum for longer period. 

37.—The désign for thd Sookertal Weir that, I-should have 
recommended as providing for every’ contingency, and erring 
on the safe side, would be,—height of wall 6 feet above low 
water, with 3 feet of planking ; an apron of 100 feet, of which 
30 feet should be cut stone and 70 feet concrete blocks, with 
an intermediate retaining wall 30 feet from the cut stone 
apron; one row of wells under each wall, not exceeding 8 ft. 
in cepth, The Weir to be 3000 feet long. 

38,—Adopting the Committee’s rates, which not only in- 
clude 50 per cent, tp meet extra expense in construction, but 
10 per cent. again on such increased total, the estimate for the 
Weit would amount to 17,80,000 instead of 44 lacs. 

39,—This estimate is nearly double that of the Godavery 
Anicut, which is four times as long,~and twice as high. The 
cost of the latter amounted to Rs. 75 per running foot; that 
for the former allows Rs. 583, or nearly eight times as much, 
The cost of masonry at the Godgvery was Rs. 2-8-0 per cub. 
yard, and of rough stone 1-0-0, equal to 9-4-0" and 3-11-0 
per 100 cubic feet, being one-third and one-sixth of the res- 
pective rates at Sookerici. 
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40.—Adopting the Committee’s estimate for the Canal, 
though I should not have c insidered it nécessary to provide 


all the precautions which they “iave don¢, the to’al expense 
of the Project would be,— 


For the Weir - - © 17,80,000 
Canal - . - - - 68,75,000 
© 7 86,55,060 


This estimat® provides for the passage of 5000 cubic feet per 
second. In para. 19, the Committee state that the discharge at 
Sookertal was found in-April last to be 5300 cubic feet per 
second, while a supply of upwards of 500Q cub. feet was en- 
tering the Canal at Hurdwa&r ; but as the river was then slight- 
ly higher, they estimate 5000 cub. feet as the most that would 
be available. ‘ 

41,—In para, 58 they again state, that when the. fiver was 
at its lowest, the volume at Rajgnat was 5630 cubic ie per 
second, It is presumed that, as these two “measurements 
were taken during,the same month, the quantity entering at 
Hurdwar was also the same, This would lead to the con- 
clusion, then, that if the Canal could take off the full quantity © 
for which it was originally designed, or 7000 cubic feet, 3000 
cub, feet would be available at Sookertal, and about 3500 cub. 
feet per second at Rajghat. 

42,—In para, 91 ‘the Committee say, that nearly two-thirds 
of the full supply, equal to 4666 cubic feet, has been passing 
down the Canal for the last twenty months without interrup- 
tien—showing a deficiency of 2333. It may be presumed, 
therefore, that the Sookertal Canal, if executed for 5000 eub, 
feet, would carry an excess quantity of 2667 cubic feet, which 
would be available for the cultivation of a corresponding num- 
ber of acres. In para, 65, the Committee hope that the quan- 
tity of land irrigated may amount to 200 acres per eub. foot of 
discharge. The excess in the Sookertal project, therefore, 
would be sufficient to irrigate 5,33,400 acres. 


43.—The cost of distributaries is stated to be at 5 Rs. per 
age: 6. Chadd Qe te RAR nel ED toe ge he ee ae a. 
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up the total cost to 86,55,000+ 26,66,000=113,21,000: the 
gross value of the water would, at 2-8 per acre, amount to 
13,33,000* or 12 p*r cent. cir che expenditure ; but it is stated 
that the net profits are only 1-8 out of 2-8, or three-fiths of 
the value éf the water sold ; they, would therefore amount, 
on the gross cost of the project, to 2x 12=7 per cent. 

44.—In para. 153, however, the* Committee consider that : 
the maintenance charges may probably not exceed 7 lacs per 
annum on a total expenditure of 325 lacs, or adout two and 
one-eighth per cent. So that the Sookertal project therefore 
would yield 10 per cent., exclusive of receipts from navigation. 
As Major Crofton’ 's project, however, is estimated at 45 lacs, 
it would, in order to institute a feally true comparison, be 
requisite to deduct that sum as due for Yhe remodelling of the 
Canal, which would leave 112,91,000—45,00,000=67,91 ,000 
against ‘the Sookertal project, or which the sum of 13,33,000 
to Be realizable by sale of extra supply would be 194, yield- 
ing a net profit of three-fiths, or 12 per cent., or eventually of 
17 per cent! - 
“45,—But again the Committee observe, in para. 49, that 
there is not likely to be much above 3000 c. feet available at 
‘‘Sookertal when 7000 c, ft. are entering the Canal at Hurdwar. 
“In that event the great cost of a Weir across the Ganges, 
“which must be the same whatever quantity might be taken 
‘from the river at Sookertal, would seem to render the con- 
“sideration of a separate project from that site superfluous,” 

46.—It is to be regretted that the investigations, or rather 
calculations, were not carried a little further. Taking the 
Committee’s own estimate for both Weir and Canal, and dimi- 
nishing the latter only by the proportionate amount of sectional 
area in the “cuttings” to carry the-reduced quantity, leaving 
the Weir, the embanked portion of the channel and the drain- 
age works as they stand in the estimate, the following is the 


result :— * 


Total estimate for Canal - - - = - 47,95,458 
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i 
y ¢ Cost of “Cutting” for section, to convey 5000 c. ft, 
3 persecond> = - ef = = ¢ = 38,98,771 
; q Deduct two-fifths for smaller sé“ers - = == 45, 59,508 
wae Hens 
é d Sty Cost of “ Cutting” to convey 3000 c. ft. per second - ¥ '3,39,263 
x Add for embanked portions = - ae - - * 8,96,687 
x 32,35,950 
i Masonry work = 26 = # = - + 10,50,000 


c 


42,855,950 7 
Contingencits, at8 percent.- - = «+, 3,42,849 

46,28,799 
Establishment, at 7 per cent. - - - - - 3,24,015 
49,52,814 


Land = = 2 ~ *- 2 © = «© — 1,00,000 






f 
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io 
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50,52,814 

{ Cost of Weiras per Committee's estimate = 44,13,703 


Cost of Distributaries for 3000 x 200=600,000 acres, 
atRs.5peracrese - - © = += «= 30,00,000 


Total cost as a separate Irrigation Project + 124,66,517 


Value of water sold to 600,000 acres at 2-8 


per acre - - : - 15,00,000=123 per cent. 
‘i , Of which three-fiths net profit 9,00,000 74 per cent. 
and eventually = - - oe - 10 per cent 


Ay: 


thn Re Here, 
aera 


But with the Weir modified as above, the gross estimate 
- > 98,03,517. 


2 would be only = = =) = - oe 
on which the value of water, as above, would be - 154 per cent. 
and the net profit at three-fifths - - 5 o> 9 per cent. 


andeventually- = = © + = «© = 122 per cent. 


47,—It will not be out of place here to notice a point on which 
the Committee are silent, and that is the cost of Distribution. 
In the Madras Works it does not exceed Rs. 2 per acre: 
in Orissa [hope it will be even less. Onthe Ganges Canal it 
‘has cost 5 Rs. per acre. Why the cost should be so excessive 
is not apparent}sfor none of the arguments urged in behalf 
of the Main work can possibly be brought to bear on the 
Distributaries, Probably with the experience of past years 
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this expense may be found tedueible to 3 Rs. If so, the 
gross estimate would be reduce¢ by 12 lacs, or to 86,00,000, 
and the re*urns be faised to Nearly 17! per cent., on which the 
eventual net profits would amount to 14 per cent, 
48.—The proportion of three-fifths for net profit implies 
that the current expenses amount to 40 per cent, of the gross 
receipts. The proportion jn the Madras Delta Works, where 
“the first outlay has been so small, is not more than from 5 to 
6 per cent, inclusive of establishments; and as the expecta- 
tion expressed by the Committee that the maintenance charges 
may eventually be 7 lacs, or at the rate of 8 annas per acre, 
2 and one-eighth per cent. on the outlay, the proportion of 
three-fifths needlessly under-rates the eventual net profits. 


Rascnat Prosecr. 
49.—in para, 54 the Committee, while enumerating essen- 
tial Ctcrelices between the Gddavery and Ganges, have omitted 
to notice one uf the most important actions to which the Weirs 
in the Madras Deltas are exposed, in a mach greater degree 
than can happen in the case of those across the Ganges. It 
is neither on the duration nor the velocity with which the water 


flows over a Weir, that comparisons can be drawn as to the : 


difficulty in securing the permanency of a structure‘n different 
rivers. The power exerted depends, not on the velocity only, 
but on the. volume or weight of water multiplied into that 
velocity,—in other words, the momentum with which the mass 
moves. In the, Kistna, the column of water over the Weir in 
an extreme flood is 17 feet, and moves with a velocity of 42 
feet per second, or 8 miles per hour—the momentum of which 
may be represented by 17 x 62} x 12=12,750. Inthe Vejaish- 
waram branch of the Godavery the column of water is 16 
feet, also moving with an equal velocity of 12 feet per second 
==16 x 6245 x 12=12,000. Inthe Ganges, the column of water 
over the Weir proposed by the Committee would in the mazi- 
mum flood be 104 feet, moving with avelocity of 8§ feet=103 
x 624 x 84==5578 ; and in the design I should recommend, 


1L x 625 x 1449968. “ 


o 
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50.—It is at this time when the Coping or top stones of 
the Weir run greatest risk of being torn off their bed; but it 
is when the lower water is lever With the er¢st, that the greatest 
injury is likely to occur on the Apron and on the bed beyond, 
owing to the difference of level between the two ‘waters, and 
consequently the plunge being then greatest. In a vertical 
overfall, the effect of the’ plunge i is deadened almost immedi- 

ately. The accelerated velocity with which the water shoots 

off will, if tke channel be regular, be quite lost within 100 
feet ; and therefore, as before explained, the protective apron 
of vertical falls need not be nearly so long as those of sloping 
Weirs like the Kistna or Godavery. 

51,—From what has been said, it follows that the relative 
forces which the three Weirs have to provide against are as 13; 
12 & 5+ 6 ormue according to whichever design may be adopted 
for the Ganges. The dimensions given by me are” such as 
past experience has shown to be ‘abundantly sufficient ™Tiow 
much then in excess are those of the Committee’s design, 
which has to resist,only half the momentum! 

52,—For these and similar reasons to those expressed re- 
garding the Sookertal Weir, I consider the section given to 
the Weir at Rajghat equally unnecessary, and its cost there- 
fore proportionately over-estimated. However, without reca- 
pitulating these particulars, and accepting the Committee's 
estimate both of Weir and Canal, it seems to have escaped 
their notice, that while in para. 66 they state only two-thirds 
of 5000 cub, feet per second could be relied on if the Ganges 
Cénal took its full supply, they have calculated the reduced 
profit of 5 per cent. on the whole outlay necessary for the 
eonveyance of 5000 cub. feet. 

53.—If the smaller volume is to be the guage of the profits, 
it should be also of the size and cost of the Canal which has 
to convey it, ‘The earth-work is estimated 


at 50,84,000, two-thirds of which is - -  83,90,000 
Add for bridges of less length, at 20,000 - 2,00,000 
Crossing nullahs, &. - - = s 4,50,000 


e 


° 40,40,000 
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Brought forward- ~. - - - 40,40,000 ~ 
Contingencies, at 8 per cent y - - - 3,23,000 


43,63,200 
Superint’ndence, at 7 per cent - - - 805,424 


46,68,624 
- =~ 45,50,280 


- 92,18,904 
Distribution to 6,66,600 acres, at 5 percent, 33,33,000 


125,51,900 
Gross return from 6,66,600 at 2-8=16,66,500, or 133 per 
cent., of which the eventual net profits would be 11 per cent., 
and not 5 per cent. only, as stated in the para, referred to. 
54.—With the Weir reduced to reasonaglg dimensions, 
the expénse would, even at the Gommittee’s Rates, not exceed 
18;C2;20G, and thus reducé the gross cost of the Project by 
27,00,000, making it 98,00,000, on which the return would 
be 17 per cent., and the net profit 134 per cent., capable of 
being increased by economising the cost of distribution, as 
previously explained, 


e 


Add for Weir- mae 


Heap Works on tHe Junwa, 


55,—Had any evidence been asked from me on this Project, 
my opinions would have coincided entirely with those of Mr. 
Sibley, especially as expressed in Paras, 3, 4, and 5. 

56.—That gentleman's remarks on the difference of design 
proposed for the Weir on the Jumna are perfectly correct. 
The fact of there being an unlimited supply of suitable st6ne 
should govern the particulars of design. I have already 
shown that Wells form by no means a necessary condition in 
the construction of Weirs; and in the instance of the Jumna 
might be entirely dispensed with, or, if used at all, need be 
but shallow. : 

57.—The use of shallow wells.would obviate the necessity of 
waiting for one season before building the retaining walls, and 
it is for this reason mgre than any other they are used in 
localities where there is an abundance of stone available, I 
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would however recommend thg-adoption of a different section 
for the work, one similar to iat lately built over the branch 
of the Mahanuddy called the Beropa, wliere the ‘conditions 
are almost identical. The stone with which that Weir has 
been built consists of laterite blocks, taken out of an old Fort- 
wall, The foundations of the front wall rest on a single row 
of wells of brick in clay, fiped with laterite rubble, 6 feet in 
“we é 
diameter and 6 feet deep. A second wall 30 feet from the 
front wall, also built on similar wells, retains the first apron, 
the upper course of which consists of laterite blocks 2 fect 
square, and 12 to 15 inches thick, packed firmly together so 
as to present a serrated edge: the lower apron consists of the 
same stone, and is finished off with a course of smaller size, 
The width of the whole, from the crest to the tail, is only 75 
feet. The height of the front wall above the summer level 
and bed is 74 feet. The deSth of water which passed over 
it in the recent floods was 7 feet. The difference of level 
when the tail water was even with the crest was 3 feet, and 
the afflux about 6 imches at the top of the flood. The length 
of Weir is 2000 feet from bank to bank. When the water 
fell the other day to within 14 feet of the crest, not a single 
stone appeared to have been displaced. The distance from 
which stone had to be conveyed is two miles—about the same 
apparently as that at the Jumna. The total cost, inclusive of 
two sets of head sluices to discharge 2000 cub. feet per second, 
with a head of 4 inches; two locks 150 feet long by 20 and 
17 feet; and two sets of under sluices of 20 vents each, have 
up to this time cost only Rs. 1,70,000, and ecupied exactly 
12 months in construction. Mr. Sibley’s estimates therefore 
for a Weir only 500 feet longer are superabundant. I would 
however recommend thé Weir being raised 2 feet, with 2 
feet of boarding, which would reduce the depth of cutting in 
the Canal by 4 feet, and make a material saving on that part 
of the project; so that instead of the whole*project costing 
39 lacs, it would probably not exceed 30 lacs, instead of 51 
lacs as estimated by the Committee. , (Vide para. 81.) 
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gation for 660,000acres, the cost of distribution to which, at 
Rs. 5 per acre, would be 33 3 lacs . Adding this to the cost of 
the Main “Works, will give a a wtal of 63 lacs, on which at 2-8 
the return would be 16,50,000, or 26 per cent,; and if subject 
to a diminution of say even 6 per cent. for maintenance, would 
yield an eventual profit of 20 per cent., exclusive of teceipts 
from navigation, & 

59.—As a Project for supplementing the deficiencies of the 
Ganges Canal, the whole question turns of course on the 
quantity of water likely to be available. If this be sufficient, 
then, as a comparison with a Project for the supply to be drawn 
from the Ganges, it is decidedly preferable, on account of its 
economy and “eapability of quick execution; while its advan- 
tage in affording an additional line of navigation, far superior 
to that of the river at all seasons of the year, right up to 
Delhi, would seem to point | to its adoption in any case as the 
must “preferable project of ahy suggested, independent of that 
most important of all reasons which ought only to be resorted 
to—failing every other—viz., closure of the Canal, whereby 
the cultivators of such a large area of land as is now irrigated 
must be thrown out in their agricultural ‘arrangements, which 
have been made hitherto in dependence on the water. The 
mischief that will ensue cannot be calculated. It will take 
some yumm before they will again feel assured that in another 
two years they may not again be called upon to forego the 
use of the water; and this argument receives additional 
strength from the statement of the Committee, that for the 
last twenty mon<hs an abundant supply has been continuowsly 
furnished, Previous to that time the closures had been fre- 
quent; and now that confidence has begun to be established, 
as evidenced by the area irrigated steadily increasing, it will 
be fraught with much more mischief than has been contem- 
plated to adopt measures by which that confidence will be 
destroyed. The essence of all Irrigation Projects is certainty 
and continuity of supply. 

60.—This point does not appear to have entered into the 
Committee's discussions, at least itis not touched upon in their 
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Report. At the risk then of appearing obtrusive, yet as an 
advogate of Irrigation Projegts, I cannot help pointing out, 
that the main argument for more than one“head of ‘supply for 
so extensive a tract of country, rests on the paramount neces- 
sity of adopting every possible precaution that thé whole irri- 
gated area shall not be dependant on the stability of each and 
every work ina single Mgin Line, At present, if a serious 
accident should happen to any one work above Roorkee, ~ 
the whole tract is deprived of water.” If this prove so serious 
an evil with 500,000 acres irrigated, it will be immensely ag- 
gravated when the full quantity due for 7000 cubic feet per 
second, or 1,400,000 acres are receiving irrigation, The loss 
of one year’s revenue would be equal to the cost of two Weirs 
on the Ganges, or six such Weirs as designed by Mr. Sibley 
across the Jumna; whereas, with two or more heads of supply, 
a proportional amount of the area only would be_ affected; 
and it is especially on the ground that the Remodelling Project, 
as it has been termed, cannot provide against this contingency, 
that it is not desireble. As the great mass of country to be 
irrigated lies below the 115th mile, to make its well-being de- 
pendent on the stability of every masonry work between the 
head and that point, when it can be otherwise provided for, 
is to incur an unjustifiable risk, if the Project be looked upon 
as a commercial undertaking, and much more so Sas con- 
sidered a philanthropic one, for the sole purpose of ‘‘amelio- 
rating a famine.” 

61.—As on these grounds my testimony would have been 
opposed to the Remodelling Project, I forbear from making 
any remarks on the chapter devoted to that subject; but I 
strenuously advocate the continuation of the Canal to Allaha- 
bad, inasmuch as the natigation of both rivers up from that 
city is attended with difficulties in the low water season, 
while during the freshes the river route is both tedious and 
expensive. ° 

62,—On the financial state of the Ganges Canal, no question 
would I presume have been put to me; but the following 
paragraphs, which contaiifa comparison with the results of 


( a) 
Madras Inrigation Works, would probably have necessitated 


some queries, 


63.—With refercnce to the statement made in para. 169 J 
answer, that in the Godavery District three Channel Heads, 
such as would answer to Inundation Canals in Northern India, 
existed prior to the commencement of the Anicut Project. 


64.—Of these, one in the Eastern and one in the Western 
Delta were able to be taken advantage of. The third had its 
head 20 miles lower down, and was useless. In the Central 
Delta there was no such channel, The two used were of 
small section, so that the saving in excavation was very small, 
They were useful, hewever, in allowing even a small body of 
water to be conveyed immediately the river was raised by the 
Weir. In the Kistna, the channel heads were larger; and in 
Tanjore-there had been a system of irrigation of long stand- 
ing, which however, from neglect, had been so deteriorated, 
that it required a large outlay for its restoration. 


65.—To the Committee’s conclusion in para, 173 I should 
have demurred. The question is not whether Irrigation Works 
a Northern India ought not to be as remunerative as those in 
Mhe South, but whether the principles on which they have 
been projected have not been such as prevented them from 
being @s.zemunerative as they might and should have been. 


66,—And here my remarks ought probably to close; but 
as a Madras Engineer, whose whole career has been passed 
amongst the great Hydraulic Works of that Presidency, and 
accustomed to consider their bearing in every point of view, 
professional, commercial, and philanthropic, I trust I may be 
excused for passing a few comments on the Appendices to the 
Report made by the Madras Members of the Committee. 


67.—The President states, that he has long considered the 
financial results of Madras Works to have been over-estimated, 
for the reasons he advances. These results, however, were 
not statements prepared by Engineer Officers, or by irrigation 
partisans, but by the civil servants of Government, who were 
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68.—The Professional Papers of the Madras Engineers 
contain an article written by ‘olonel Lawford himself twenty 
years ago, in which he shows tai the bare return from ex- 
tended irrigation even then amounted to 354 per cent., without 
allowing for any effect produced on the general refenue of the 
district by means of improved communications, &c. 
“69.—Ten years later, ‘when a most elaborate investigation 
ordered by Government was made into this very question, the 
Board of Revenue showed that taking only the’ increased 
extent of land brought under cultivation, and the increased 
revenue derived from the substitution of irrigated crops for 
ary grains, in other words, “ Water Rate,” “that for a capital 
“outlay of Rs 2,17,359 the Government have received a 
“clear gain of Rs 41,20,528 in 16 years, or a profit of 118 per 
“cent, per annum.” 
70.—The Secretary to the Board in the D. P. W. ‘wrote at 
the same time, “It must not be forgotten that the Dele had 
“been for an unknown period of time the field of a most 
“extensive system of Irrigation, rendering it by far the richest 
“territory, area for area, in Southern India; but its prosperity 
“‘was placed in jeopardy by the difficulty of utilizing the 
“entire supply of water brought down by the river, and that 
“difficulty was simply, effectually, and at trifling cost, removed 
“by the Anicuts, The source of all the wealth of the Delta 
‘is the river; the Anicuts are only conditions essential to the 
“transmission of the water to the land; and as other condi- 
“tions not less essential and of far greater magnitude were 
‘ia active operation before the Anicuts, if must never be 
“supposed that when such conditions are wanting works 
‘similar to the Anicuts would produce any thing approaching 
“to similar results for 2 length of time. In the Godavery 
“Delta, for example, besides the Anicuts, the entire system of 
“Irrigation had to be created, and the profits on the capital 
“expenditure will necessarily be at first diminished in propor- 
“tion to the extent of subsidiary works required for their 
“realizayion. But these profits will evidently by degrees far 
“surpass in actual amourt those realized in Tanjore, on 


( 2% ) 
“account of the far greater field for improvement afforded by 
“the Godavery Delta.” 

71.—The above extracts how that the Revenue Statements 
were neither prepared without reason, nor in ignorance of the 
peculiar cireumstances which prevailed in Tanjore. Let the 
cost of all the subsidiary works previously existing be added 
to that of those which produced thevincreased prosperity, and 
it will be found that the results Will not be far different from 
that arrived at by the Board of Revenue; for it must at the 
same time be borne in mind, that had it not been for these ex- 
isting works, the Province could not have attained the pitch 
of prosperity which it had reached, but would have been in 
the same distfessed gondition as the Godavery Delta, where 
“the entire system of irrigation had to be created.” The dif- 
ference of revenue between dry and irrigated lands, or, in 
other words, “ Water Rate,” would have had to be credited 
for the Tile area commanded by those subsidiary works, one 
yeat’s revenue‘from which would have proved sufficient to fur- 
nish Tanjore with its whole net-work of. channels, It does 
not appear, then, that in the district with which Colonel Law- 
ford himself was most familiar, the results of the Irrigation 

‘Works had been over-estimated, 
72,—Again, in para. 140 of their Report, the Committee 
“entirely agree with Colonel Dyas’ views,” that * ad/ proceeds 
resulting from the construction of a work of Irrigation should 
be clearly shown.” It is on: this principle that the results of 
Madras Works have been shown, as the great Delta Systems 
affect the revenue in every Particular; and that they have dene 
so is undeniable and apparent from the fact that in the “less 
favored” adjoining districts, also “ on the sea-board,” the reve- 
nues have not similarly advanced,. That Irrigation is less 


‘needed in Northern India is scarcely borne out by the numer- 4 


cus wells that meet the eye in every direction, and by the still 
more significant fact that our predecessors in the government 
of this country have every where left traces of the importance 
they attached to the value of water, by the construction of 
works on scarcely a less 1 magnificent scale than those recently 


r 
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undertaken by the British Government, and by the yet more 
tangible evidence of the steadily increasing’ area of Irrigation 
unger all the Canals as yet exetuted. « 

73,—Colonel Anderson’s Memorandum would lead to the 
supposition that the returns from the Madras Délta Works, 
owing to certain advantages possessed in leading the water to 
the surface of the countrf, must necessarily be greatly i in ex- 
cess of any other, and that few other works could be under- 
taken elsewhere at the same proportional expense. In South- 
ern India, Irrigation Works under every conceivable variety 
of circumstances have been carried out, and I doubt not it will 
be found with equal, if not greater remunerative results. 

74,—In the Central Districts of Bellary, Arcot, Coimbatore, 
there are Canals and Projects of a totally different character 
from the Delta Works, and which have proved equally pro- 
ductive, with the cost of every item included, 

75.—The Memorandum would also lead to the VelteS that 
the greater portion of the Returns in the Madras Deltas arose 
from the great extent of waste land brought under cultivation. 
To this I demur. In the first place, waste lands in the Madras 
Presidency do not mean only lands nevér hitherto brought under 
cultivation, but also those allowed to lie fallow, either from pau- 
city of population or precariousness and poverty of crops culti- 
vable thereon, The per-centage of such lands brought under 
the plough again, in the Godavery District at least, is small 
compared with the extent of existing cultivation improved by 
the water. The greater proportion of revenue derived has 
been “Water Rate,” levied for the bona fide ase of water, for 
the conversion of dry into irrigated fands, and for the substi- 
tution of transplanted for broadcast rice, adopted so extensively 
because of the largely increased out-turn of produce obtained 
thereby,—a result not peculiar to one part of India more than 
another, as applicable to the North-West as to the South, and 
therefore not conferring any more particular advantages to the 
Deltas of Madras than to the Doabs of Upper India. The 
fact of the Canals in Northern India for the Irrigation of the 
Doabs requiring to be carried much longer distances before the 
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surface of the country can be reached is well known, and has 
never been ignored; but it yet yemains to be shown that they 
could not have been construfted at less expense, and the water 
led to the country over an equal tract in a less period of time. 

76.—I have adopted the Committee’s Rates for materials in 
calculating the cost of the Anicut across the Ganges; but I 
must observe that in Major Croftdn’s Report (para, 93) he 

* speaks of “kunkur blocks of compact texture which will stand 

pressure” being»found at the 110th mile, and ‘of the saawe 
material being obtainable at Nirgajnee, at the 42nd mile, of a 
less hard description, but appearing “to stand the erosive action 
of water well, and answering admirably for rubble work,” 

77,—In his estimate for works at*the 110th mile, he reckons 
the cost of kunkur mas6nry at Rs. 17 per 100 cub. feet, The 
cost of such masonry in the Sookertal Anicut would be Rs, 17 
plus the cost of water carriage for 70 miles, and land carriage 
from 3°to 10 miles. Taking the former at (0-5 rupee) per 
100 cubic feet and the latter at (0-75 rupee), the cost of kun- 
kur masonry at Sookertal would be 60 rupees per 100 cubic 
feet, or about 9 annas per cubic foot; whereas the cost of cut 
stone is put down at 2 rupees 8 annas per cubic foot. If 
Major Crofton’s description of the kunkur stone is correct, that 
the softer description even “ stands the erosive action of water 
well,” then the harder material found at Boolundshuhur would 
certainly answer equally well as Bhurtpore stone, especially 
in Weirs exposed to such a very sniall trial as those designed 
by the Committee, .This item alone would reduce their esti- 
mate for the Sockertal Weir 64 lacs of rupees, 4 

Conciusions, 

The conclusions fairly deducible, therefore, from the late 
investigations, coupled with the obsetvations above made, are, 

I. That the Sookertal Project “i is feasible, and would, if 
carried out according to the Committee’s design, only modified 
for the actual volume of water, available, yield an eventual 
return of 10 per cent. 

Il. That if the Weir be divested of superfluities, and built as 
actual experience would justify, thé return would be 124 per ct. 

H 
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Il}. That if credit be taken for the sum estimated for the 
Remodelling Scheme, and te balance only charged against 
the Sookertal Project for the diminished colume carried, the 
return would be 17 per cent. 

IV. That the Rajghat Project.is also feasible?and on the 
Committee’s design would yield 11 per cent., but with a modi- 
fied Weir yield 134 per cent, 

V. That Mr. Sibley’s Project of a Weir across the Jumna 
@ewad is, in the event of a sufficient supply of water being 
available, a more economical and profitable mode of supple- 
menting the deficiency of the Ganges Canal, and therefore 
preferable to the other two Projects, as capable ,of more 
speedy execution, and affording a promise of a profit of 20 
per cent. 

VI. That as it would avoid the loss of revenue; and, 
what is of still greater conseeuence, ‘hciasa of confidence by 
the cultivators, it is the proper wérk to carry out in preference 
to the Remodelling scheme,” which only ought to be resorted 
to failing every other method. 

VII. That for the same reasons, if sufficient water is not 
procurable from the Jumna, the Project at either Sookertal or 
Rajghat should be carried out. 

VIII. That under any circumstances, two of the proposed _ 
Works should be prosecuted, inasmuch as besides being more 
remunerative than the present line, which it is only hoped may 
eventually yield 8 per cent they will afford irrigation to another 
million of acres; but above all, by giving additional heads of 
supply, they will relieve the great mass of the irrigated coun- 
try from the risk of being dependent for its supply on one 
long line of Canal furnished “ with Masonry structures of a 
difficult nature,” (vide pera. 122,) which, especially near the 
head, are exposed to the irruption of several mountain 
torrents, an extraordinary flood down any one of which may 
inflict irremediable injury, necessitating the stoppage of I:ri- 
gation over the whole tract. 

e E H. RUNDALL, Lr, Cot., 


Royan Encineers, Mapras, 


( a ) 
Estimate for Weir across the Ganges near Sookertal, 
Ir 
Cut stone .... SOxU4== 45 
»  seee 5X2 = 10 55 at Bk... 137-50 


Concrete or Brickwork,— 

Floor. ...... 39 x44=176 

Body Wall .. 5x6 = 30 

Rear Apron., 70x4 =280 

Front Apron 7 15x8 =120 

Lower Wall., 4x5 = 20 626 at 30., +» 187-80 





Wells...... 3x6x8 = 144 at 30... 43°25 


368-55 
For Weir, ...... 368-55 x 3000 «+ 11,05,650 
Posts and Planking ...seseceseees 15,000 


~ 


~ Total .ecsecscevescccevccssesveres 11,20,650 
: Il.— Wing Wails, 
Walls ...se06. 25% %°=162:50 at 30 6... 48°75 
Wells...4.04.2X6X8= 96 gy vane 30 
Conerete Apron 15x8=120 at 20 ..., 20 
Total per foot running .....seeseeseeee 9875 
Ditto for Wing Walls 98°75x400 , ess 39,000 
Concrete Blocks and Protective Groynes of Posts 
and Brushwood, say .sessecesecessereceses 50,000 
. Abstract, 
Welt. oasis scisla Veacacsschente 11,20,650 
Wing Walls ......csccessees 39,500 
Protective Groynes ......0008 50,000 
Head and Under Sluices ..,... 2,50,000 
Embankments, ..33..00. eees 50,000 
15,10,150 
Contingencies at 10 per cent. ., 1,50,000 
16,60,150 
Establishment, at 7 percent. ., 1, 16,210 
17,76,360 » 





ORISSA MISSION PRESS,—wW, BROOKS. 





Results of Irrigation and Navigation Works in Rajahmundry (now Godavery) in the Madras Presidency. 


Average of Eleven Years’ Collections (1836-46) in Rajahmundry w. | £190,000 
Ditto of part of Masulipatam, annexed in 1861, about... ne ove 30,000 
Total for Godavery District ... vee £220,000 


Collectians in Godavery District (exclusive of above-mentioned part of Masulipatam), Cost of Works, $c., 


from commencement of Irrigation Works. 
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1946-7 4000 | 20,000 4 24,000 °| sess» | 220,000 | 30,000 | 26,000 |... |] 26,000 20,000 6,000 
1848 4,000 | 30,006 | 34,000 | 20,000 | 230,000 | 40,000 | 36,000 | 160 62,000 | 50,000 | 12,000 
1849 4,000 | 18,000 | 22,000 | 50,000 | 230,000 | 40,000 | 86,000 72 98,000 | 68,000 | 30,000 
1850 4ace | 22,000 | e26onn.| 48,000 | 220,000 |  80,000_|__ 26,000 38 | 124,000 | 90,000 | _ 34,000 
1831 4,000 } 15,000 | 19,000 | 90,000. | 250,000 | 60,000 | 56,000 62 | 180,000 | 105,000 | 75,000 
1852 4,000 } 88,000 | 42,000 | 105,000 | 250,000 | 60,000 | 56,000 53 | 236,000 | 143,000 | 93,000 
1853 6,000 | 44,000 | 50,000 | 148,000 | 250,000 | 60,000 54,000 35 | 290,000 } 187,000 | 103,000 
1864 7,000 | 63,000 | 70,000°| 187,000 | 240,000 | 50,000 | 43,000 23 | 833,000 | 250,000 | 83,000 
. 1855 | 10,000 | 62,000 | 72,000 | 250,000 | 250,000 | 60,000 } 50,000 20 | 388,000 | 812,000 | 71,000 
1856 | 16,000 | 79,005 | 98,000 ; 312,000 | 260,000 | 70,000 | 54,000 17 | 437,000 | 391,000 | 46,000 
1857 | 19,000 | 32,000 | 81,000 { 391,000 j 260,000 | 70,000 | 51,000 13 -| 488,000 | 428,000 | 65,000 
1858 | 20,000 8,000 | 28,000 | 423,000 | 270,00g | 80,000 | 60,000 14 | 548,000 | 481,000 | 117,000. 
1859 } 20,000 | 13,000 | 33,000 | 431,000 j 300,000 } 110,000 | 90,000 21 | 638,000 | 444,000 | 194,000 
isco | 20,0007| 7,000 | 27,000 } 444,000 | 820,000 | 130,0C0 | 110,000.) 25 748,000 4 451,000 | 297,000 
issf | 21,000 5,000 | 26,000 | 451,000 } 390,000 200004 179,000 40 | 927,000 | 456,000 | 471,000 
1862 | 22,000 |. 5,000 | 27,000 | 456,000 | 350,000 ) 160,Qp0 | 138,000 30 |1,068,000 | 461,000 | 604,000 
| 4 - - - 
“ 1863 | 22,000 8000 | 30,000 | 461,00 | 380,000 | 190,000 | 168,000 ) 37 | 1,288,000 469,000 | 764,000 
1864 | 22,000 8,000? | , 30,0007 | 469,000? | 390,000 | 200,000 | 178,000 | $7 /1,411,000 | 477,000 | 934,000 
i 
1865 | 22,000 8,0002 |. 30,000? | 477,000? | 400,000 | 210,000 188,000 39 | 1,600,000 | 485,000 1,714,000 
Totals ...| 251,000 | 495,000 | 746,000 } | 5,470,000. | 1,860,000 | 1,609,000 | Av.42 | 7 






























JT should mention that the statement T have shows only the totalsum expended, and does not divide it into Capital 
and Repairs. I have therefore estimated the latter at four per cent. on the Capital as it was expended, excepting for the 
first four years, when I have allowed £4000 a year, because there were old works which were kept in repair out of this money. 
‘As the whole of the money expended is thus accounted for, there cannot be any material error in this mode of dividing all 


between Capital and Repairs. 


RESULTS QF IRRIGATION WORKS, ‘&o., 


Parr I. 


Iy the Administration Report, the Revenues of the last 
five years are given at £30,000 more than is here 
stated, on account of” the’ portion of Masulipatam 
annexed dt that time. Ihave deducted this £30,000, 
which was, I “believe, about the revenue of that tract 
before the Works. 5 . 
Former average Revenue, including portion 
of Masulipatam, afterwards annexed £220,000 
Revenue of 1864-5 ies oes as 430,000 
-Increase .., Hay id £210,000 
Or 95 per cent. on former Revenue. : 

To show how far this is the effect of the Works, we 
may compare the Progress of this district with that,of 
the adjoining districts, excepting Kistna, “which is 
undergoing the same treatment: 

Average Revenue of Vizagapatam, Nellore, 
Cuddapah, Bellary, and Kurnool for 





five years preceding 1846 ate £1,059,000 
Revenue for 1863-4, wee oe 1,238,000 
Increase. ade £179,000 


Or 17 per cent. 


4 


But of this a large portior also is due to improved 
irrigation, and to the large expenditure on the Toom- 
buddra Works in Kurnool, £790,000, which? must have 
materially affected the Revenue of that District, so that 
the increase from other, causes probably is not more 
than 10 per cent., and we may fairly conclude that 
nin®-tenths of the increase in Godavery is due to the 
new Works. : 

The returns at present upon Capital Expended are as 





follows : ; . 
Increase of Revenue... £210,000 
Capital expended five 477,000 
Gross Returns per cent. “Ad 
Suppose Repairs, &e. ... 4 
Net Returns... 40 
And deducting due to 
other causes ee 4 


— © 


Net profit due to the Works 36 percent. on capital. 


In the column showing the net increase at the end 
ofeach year, it will be seen that, Without any excep- 
tion, there was always a clear gain in the Treasury 
above all that had been expended in capital and 
repairs, the lowest balance having been £46,000, “ex: 
cepting in the first four years. And the average profit, 
from the very first, has been 42 per cent., or, deducting 
4 for repairs, &e., 38 per cent. for net profit. 

But it will thus be scen that when we say that the 
profit is mow 36 per cent. on the capital, that it is on a 

> — 2 ee 2 oe ee 


Br 


5 
the Treasury every year, and much more. To show 
the total gain :—., 


The Revente for the nineteen 

years would have been 

at the former rate . £190,000 x 19 £3,610,000 
The actual collections have ‘ 


. 


been ...°  .., oe 5,470,000 
Increase ie 1,860,000 


_ And deductiag cost of Works, Repairs, &e, 746,000 


Clear additional receipts 1,114,000 


In this amount, I believe, the cost of the European 
establishnimnt is not incladed, in which case, perhaps, 
£100,000 must be deducted, It thus appears that there 
is already about £1,000,000 in the Treasury clear 
above what there would have been if the Works had 
not been executed; and in the face of this result it is 
continually said that the Government cannot find 
money for such Works, 

Taking the Capital at £485,000, the Works have 
already been paid for more than three times over ; the 
profit, after deducting repairs, being £1,600,000. 

But it must be+ added, that this total gain is far 
below what it ought to have been, owing to the extra. 
ordinary backwardness of the civil authorities to levy 
the water-rates. Most of the land had the water 
several years before the water-rates were levied; large 
tracts paid none for ten years. In the Administration 
Report, for 1860-1, it is stated, para. 132: “A proposal 
“for the settlement of the Western Delta” (the sub- 
collectorate) “was submitted on 27th Februagy last ; 


ee 


Us See ee, aaa 
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“£35,000; this arises from no adequate returns having 
“been hitherto levied from the anicut irrigation in this part 
“of the District.” Some of this land had’had water 
about ten years. About £200,000 had been thus lost 
in this tract alone. The Sub-Collector had taken upon 
himself, without authority, to guarantce that no rates 
shoald be levied till a survey was made: 

I should think, in the whole Delta, fully half a 
million was thus lost, without any cause or authority 
whatever; and at this moment nothing like tie whole . 
amount of water-rates is levied. The total area of land 
provided for is much above a-million acres, though for 
the want of the petty dirtribution Works, the water 
has, I believe, reached only 790,000 or 80@;900) acres. 
The water-rate is 6s. on rice land, and 4s..on a second 
crop of other grains, the latter requiring about a quarter 
as much water as rice. 


The ultimate water-rate ought to be, at 
least, on one million acres of rice, at 6s. £300,000 
On three-quarter ditto of dry crops, 4s. ... 150,000 


450,000 


Previous Revenue, deducting for partial 
Irrigation be ss eee see 200,000 
Add for prabable increase in othe: taxes ... 100,000 
£750,000 


The increase of revenue would then be £530,000, or 
above 100 per cent on the capital. 


That this expectation is not at all too great is shown 
by the present revenue of Tanjore (£630,000), a 
similar district, but with much less natural advantages, 
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and with a. far anferio® system of Works, especially 
without 1,000 nfiles of navigation, which Godayery 
will have.” This rate of 6s. for rice was fixed when 
rice in the husk cost 75 Tupees a garce of 7,200 Ibs., 
or fd. alb.; it was about 135 Tupees by the last Re- 
turns, or nearly double. Yet no change Has been 
made in the water-rate, Taking the average croys at 
1,800 Ibs., the value was then 37s, 6d., so that the water- 
rate was 16 per cent. on the crop; and it is now only 
about 9 percent. * 5 

The increase in value of crop, compared with the 
former precarious crop, was about 30s.; it is now 
about £3; so that the “cultj xators gain about £2 10s, 
per acre Tear without dy share in the cost of the 
Works, and with a very small expense in levelling their 
land, &e.. Thus, the Government Returns show only 
a small portion of the total profits, 


They may probably be estimated at present 


_ at 700,000 acres of rice, at £3 £2,100,000 
And 500,000 acres of dry grains, at £1 10s, 750,000 


Probable increased value of crop £2,850,000 


And this is besidt’s 700 or 800 miles of water com- 
munication, conveying, all the year round, at about 
a farthing to one half-penny per ton per mile, while 
before they had not even common roads, but only a 
very partial, imperfect, and occasional river transit. 
The last return of traffic on the main canal was 
5,250 boats (besides rafts) in three months, or at 
the rate of 21,000 per annum, from twenty-five tons 
downwards, averaging. perhaps twelve tons, but this 
included passenger boats. ; 
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To show how this great incrvase of «value is obtained 
by another simple statement— : 
The total cost of the Works, ‘when the 
whole area of abont a million acres 
is irrigated, will be cbout *.. aes £500,000 


” 


‘ — 





0 
0. 





Capital per acre... ae £0 10 0 
The increased value on the rice crop per 
acre . ek abd 2 10 
Second crop of dry grain, shout “1 0 
Annual increase .,. ie £3 10 0 


or seven times the capital, ‘besides the water-carriage. 


There cannot be any essential error in: this calcula- 
tion of the comparative cost and value of water in this 
case, ‘and it abundantly accounts for the large returns. 

The total quantity of water distributed is as follows : 
The supply in the river is sufficient to keep the chan- 
nels full from the middle of June till the middle of 
December, or for six months, and they can carry about 
one and a quarter million cubic yards per hor; during 
the other six months the quantity gradually diminishes 
to about 300,000. 


“The quantity will therefore sites 
be during the Monsoon _ Million cubie yards, 
months tas .. 14 x 24 x 180=6,400 

During the other montas... $x 24 x 180=2,160 


Total e ae q; 7,560 
which, divided for a capital of £450,000,* will be 


* The whole capital mentioned before is for the whole district, 
including the tracts above the Delta; that expended within the Delta 
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17,000 cubic yards per £4 of capital ; or, allowing 8 per 
cent. for interest and management, &c., 200,000 cubic 
yards for £1 annually. ,The natives used to water their 
sugar, &ej1 by raising it at about £1 for 4,000 cubic 
yards, on which there .was, of? course, a profit; and 
the water is, therefore, distributed by the canals at one- 
fiftieth of that cost, besides providing water’ carriage, by 
which also we see how vast the profits must necessarily 
be from such works. The canals will, I believe, be 
enlarged“to carry one and a half million cubie yards. 
The next point is, how is this water used? We usually 
reckon 6,000 cubic yards of water, including much 
waste, for an acre of rice, and 1,500 for dry grains, 
so that—— ae 


700,000 acres of rice would consume, _ mition cubic yards, 











at 6,000 ... ee as oo 4,200 
And 500,000 acres of dry grains 
would consume, at 1,500 a 750 
4,950 
Total in canals... abs 7,560 
Not’ used ae 3 2,610 | 


Only two-thirds of the water admitted is thus accounted 
for, so that there is a wide margin for extended culti- 
vation beyond what I have supposed at present. 


‘The total area of one million acres of — ytinion cubic yards. 


rice would require ars wale 6,000 
And one million of dry grains would require 1,500 


: 7,500 
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So that there seems to be cneugh, if, the waste is not 
excessive, for two crops on the wholerarea already, and 
theré is also a large allowance,to be made fer the local 
rains; they are, however, now cultivating a great 
extent of second crop-of rice in the dry season, and 
this I suppose might extend over the greater part of 
the Delta, gfeatly increasing the revenue but requiring 
stored water fer the dry season. 

We have thus the following results as proofs of the 
effect of irrigation and navigation in, Indiaz—* 

“The revenue of a district has been doubled without 
any new taxes. 

Its produce has been at Jeast-trebled. ° 

The money expended“ tag been repaid into the 
Treasury, and much more, from the very first. 

The lowest net surplus, at the end of every year after 
the first four, was £46,000. 

The total gain of revenue in one district out of the 
130 districts of India, has been just a million over and 
above all that has been expended. 4 

The average annual net profit from the very first has 
beem 42 per cent. ‘ 

The total capital expended on the Delta Works has 
been about £450,000 up to this time,, 

Fhe total annual expense at 8 per cent. for interest 
and repairs, is therctore £36,000. 

The capital expended per acre is 10s., which includes 

‘irrigation and navigation. 
The increase of produce for one crop is about £2 10s., 
_and for two crops about £4 per acre. 

The capital expended is also £1 per 17,000 cubic 

yards of water. 


rs 
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And the annual charges at 8 per cent. for interest 
and repairs, £1 per 200,000 cubic yards. : 

The forfner price paXd for raising water, profitably 
from wells, was £1 per 4,000 cubic yards, or 50 times 
the present cost. . st 

The quantity of water required for a rice cfop is at 
most 6,000 cubic yards, so that the actual cost of water 
per acre of rice is 8d. ‘ : 

The increase of revenue is £210,000 per annum. 

The land irrigated for rice is, so far as my informa- 
tion goes, about 700,000 acres, besides several hundred 
thousand with a second crop of rice and dry grains. 

The Rngth of navigable ‘canal and river is about 
700 miles “ 

The cost of transit is per mile, from 4d. to $d. per 
ton, and one-sixteenth of a penny for, passengers, 

The number of boats passing the main canal is 
20,000 per annum, besides rafts. 

The exports have increased from £60,000 to from 
£350,000 to £500,000, . 

The canal connects the port* with the Godavery, by 
which line the boats can pass in the Monsoon 350 
miles; and with the Kistnah by which line they can 
pass along 180 mites from the port. : 

The total area to be irrigated is much above a 
million acres for two crops; the length of navigation 
will then be about 1,000 ‘miles, besides the main rivers, . 
The total value of produce will’ then be at least five 
millions sterling. 

* The port of Coringa; a goud port now, capable of receiving vessels 

of 1200 tons, and susceptible of great improvement at a moderate cost. 


See Captain Haig’s evidence before the Colonization Committae in 
1858, : ~ 
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The total capital for this will be half a million. 

The cost of storing water to keep-the channel full 
throughout the year, providing for an entire second 
crop of rice would be about £400,000. 

This would at the game time greatly improve the 
navigation of several hundred miles of riv er, and be a 
great security against floods in the Delte. 

The Madrae Government has repeatedly borne wit- 
ness to the success of these works. In its Administra- 
tion Report for 1860-1, it says:— ¢ are 

“Phe increasing prosperity oe the district is most 
“vividly marked in every way.” 

“ The exports this etees the highest yet known, 


“ £500,000, besides treasuré.”« . .  . “Phe import 
“ of treasure was £190,000, fades Accountant-Gene- 
‘ ral’s bills for £207,000.” . . er 


“ The increase of Gosciees boats hows wees remark- 
“ably the value set upon cheap locomotion. The 
“number passing along these canals was in 1843-44, 
“995, in the past year it was 7,500.” 2. Kt 
was 10,400 in 1863-64, passing through the head of 
the canals alone, besides vast numbers passing up and 
down the different branches). The report continues :— 

“The present state of the district compared with its 
““ state before the improvements may be briefly summed 
“up as follows: the revenue has been doubled—the 

_‘ goods traffic increased thirty-fold—the passenger 
“ traffic seven-fold—th? exports twelve-fold.” 

And the facts were so notorious that the Madras 

- Government has repeatedly urged that a specific policy 

should be based upon them. Thus, in a dispatch dated 

May*15, 1858, it starts with the assumption : ‘“ Consider- 
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“considerable and ofter: immense”... And it 
goes on to say: “ The Government express their strong, 
“unaniméus and carnest advocacy that all irrigation 
“works which on & comprehensive view of the wants 
“ of the country may he deemed necessary to develope 
“its undoubtedly great Fesources, be comnfenced at 
“once boldly dnd on a large scale, be pushed forward 
“e Soughout all ties and under all circumstances, and 
“bé™oked on, and practically treated, as in fact they 
“ really ares as the most economical, because the most 
“profitable, undertakings in which the Government 
“can possibly engage. It is needless now again to 
“bring: forward the innuryrable instances in which 
“ money “Nas, in this Presidency, been most advantage- 
“ ously invested in Irrigation Works, The proceedings 
“of Government have, in this respect, been only too 
“ desultory and too vacillating, and it is confidently asserted 
“ that India could be placed in a position to pay all her own 
“eapenses and gradually discharge her debt, far more 
“ readily and speedily by a judicious expenditure, than by 
“any scheme of retrenchment and reduction.” 

On a subsequent occasion, the Governor of Madras, 
then Sir Charles Trevelyan, said that expenditure on 
Irrigation Works was “like sowing gold.” 

Last year, ‘the Governor of Madras, Sir William 
Denison, an Engincer Officer, reiterated the advice 
given by the Madras Public Works Commissioners* _ 
in 1852, to borrow money for these works—“ works,” 
said Sir William, “which are sure to repay a large 
“iiterest upon the money expended upon them ;” and - 


* Mr. Bourdillon and General Balfour, C.B. > 


} See a long extract from Sir William Denisen’s Minute, published 
in the Times of April 19th, 1865, in a“ Reyiew of the Ganges Canal,” 
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which, the Commissioners had. said, “might be largely 
“formed to yield 30, 40, 60, and even 100 per cent. 
“ net annual profit,” while the funds to construct them 
might be borrowed at 5 per cent! - 

Moreover, the principle of borrowing for these works 
has notemerely been récommended by the Madras 
Govgrnmenty it was sanctioned by a speech of Lord. 
Stanley’s in 1857, and by a formal dispatch of Sir 
Charles Wood’s on the 8th of August, 1864. 

And besides the alternative of horrowing, another 
mode of constructing these works has been recom- 
mended by equally high authority. The late Lord 
Canning, at the suggestion, of Lord Stanley, had settled 
the policy of inviting prif¥éte, enterprise tesindertake 
them, on the principle of dividing the surplus profits 
with the Government, in acknowledgment of its pro- 
prietary right to “the waters, after allowing, a liberal 
maximum of interest* before this division of profits, to 
the Joint Stock Companies which might be formed for 
such investments, ‘i 

Lord Canning had the satisfaction of seeing one 
such: Compuny start without a guarantee (the evils of 
the guarantee system in India were described in very 
strong terms by Lord Canning’s Gevernment); and 
Lord Canning and his Council declared that a great 
scheme for irrigating Behar, was “one of those of all 
“others in India to which private capital should be 
*“ Invited.” e 

* Lord Canning proposed a maximum interest, before division of 
surplus profits, at 20 per cent.; but this is now considered too much. 

“I¢ would probably be satisfactory, and certainly fairer for both parties, 
if the Government share began with a twentieth of the surplus profits 
“after 10 per cent., and increased at the rate of a twentieth for every one 


per cent. abeve 10, until it reached an equal division of the surplus 
profits at 20 per cent. “ - 
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The reader might therefore suppose that at last 
these works were really being taken up in earnest, and 
that by the concurrent means of Government bans 
and private investments, India was in a fair way of 
having one or two hundred millions spent on such 
enormously profitable investments as these irvigation 
works! especially he might suppose that ut least athe 
offer of a private Company, four years ago, to itrigate 
“Behar, had been accepted; and that at any rate 
Behar could not be at this moment suffering all the 
agonies of famine, because no irrigation had been 
attempted either by public loan or private investment, 
and the Government had done nothing but retrograde 
since Lord Canning’s time?” I am sorry to say that 
if the reader did suppose this, he would be quite 
mistaken, as I must proceed to show. 


. 


END OF PART I, 


APPENDIX. 


It may be as well to add a brief statement of the profits of the 
Kistnah Irrigation Works: premising that Kistnah district is formed 
of the two districts of Guntoor and Masulipatam, excepting a tract 
transferred to the Godavery, which at thas time yielded, I believe, a 
revenue of about £40,000 a year. 








Per Annum. 
Average of the two districts now forming Kistnah 
district from 1847 to 1851.........0...0000e £308,000 
Deduct for tract transferred to Godavery ...2.... 40,000 
Before Irrigation................ 268,000 
Collections of Kistnah district, 1863-64 420,000 
et 
Increase sface Irrigation . y bdatree £152,000 


Or 55 per cent. 

An eye-witness of the famine in this district in 1953, Mr. Lushington, 
Collector of Masulipatam, gave the following striking evidence of its 
eran then, as compared to Fig irrigated district in its neighbour- 

‘ood : * 

“No estimate of the quantities of food which haye been produced 
through irrigation, no mere return of increase of revenue realised in jan 
irrigated district in a year when such heavy remissions of taxes have 
been found necessary in other less favoured tracts, can convey any idea 
of the benefit which has accrued both to the Government and the people 
at all to be compared with that derived from actual observation of the 
effects in travelling through the district. No one could have witnessed 
as I did, the wretched condition of the people and crops on the Kistnah 
side of the district, the difficulty of obtaining even the smallest supply 
of only moderately pure water, and then have passed to the Godavery 
side, and witnessed with delight the contrast, the abundance of pure 
water, the splendid crops, and the comfort of the people, without being 
sensible that no figures can at all convey a true idea of the priceless 
blessing which the waters of the Godavery brought by means of the 
weir and channels through such an extent of the Delta, have conferred 
upof the people. In May I was encamped at Avenguddah, on the 
bankg of a large branch of the Kistnah, then a sheet of sand: the cattle 
were dying of starvation in numbers; no signs of vegetation were 
“apparent, the water was wretched, and I hope I may never see again 
so much poverty and wretchedness. The month of June was passed 
by me at Akeed, more than 30 miles from the nearest point of the 
Godavery, but there water and forage were abundant. The water of 


. the Godavery, which had passed through the head-sluice more than 


00 miles up the channel, flowed past my tent, and numerous boats 
laden with the produce of the ‘heighbouring lands, daily passed to 
and ro.” 


ad a 
* See evidence of Captain Haig, before Committee of House of Commons, 
March 31. 1259. 
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RESULTS OF IRRIGATION WORKS, &c. 


by x 


Parr II. 


Nearry vight years have passed since the Madras 
Government uttered that manly protest which I have 
quoted against the neglect of irrigation works; and 
fourteen years since the same protest was made by the 
Madras Prblic Works Gonimissioners (on both occa- 
sions the Gcvernment and its officers speaking from 
personal knowledge of the profits of such works). 
Again and again has the Madras Government published 
authentic official reports of the ‘ considerable and often 
immense” profits of such works; yet to this day no 
ruler of India has arisen who could grasp the plain and 
simple idea of developing the resources of the cquntry : 
and India has had three eminent financiers, not orie of 
whom could grapple with this grand point, but who all 
three occupied themselves with comparatively insig- 
nificant and petty details which could not materially 
affect the question, and thus left India. still without any 
real and effective reforrsation of its finances, without 
protection from famines, withdut cheap produce or 
cheap transit, without any foundation laid for paying 
off its debt of about £200,000,000 (including the Raile 
way debt), without any surplus revenue for education, 
but with its cruel and irritating Salt Tax, its heavy*tax 
on justice, and others; while, had tke remaining 130 
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districts been improved on the same principle as Goda- 
very district, had they been enabled- to pay only half 
as much additional revenue, which they might easily 
be made to do on the average with*the utmost certainty, 
there would have beer a clear addition to the national 
income from such improvements of £13,000,000 sterling 
a year—enough to provide for every went of the public 
service; while the simultancous result of the operation 
would have placed the whole of the productions of 
India within reach of the ports, at a practicable cost in 
carriage, so as not only to enrich the people of India 
beyond calculation, but to supply England with a pro- 
fusion of cheap raw mateyial end with an unbounded 
market for her manufacturés. 

Yet to this day only a mere fraction’ of such im- 
provements has been undertaken, and that, as Colonel 
Baird Smith observed, only in consequence of fearful 
and reiterated famines in every case, implying that it 
had always required a heavy loss of revenue, as well as 
the wholesale ruin and death of its subjects, to force 
the Government to undertake the construction of such 
Works, in the few instances that it has done so; 
although it should be remembered that irrigation 
works require no long locking-up of capital, but | begin 
to Yield a good interest, sometimes, a¥ int the Godavery 
district, from the very first year, always in about two 
_years from their sotiihencement, if projected on sound 
“principles. 

A mere fraction has been undertaken! For instance, 
aut of the 509,000,000 of acres in British India, scarcely 
9,000,000, or one-fifticth part, are yet in a course of 
bein supplied with the improvements which are re- 
quired to develope the resources of the country; while 
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probably fall 300, 000, 0Q0 of acres are susceptible of 
them, and at least, 150,000,000 of acres might bé sup- 
plied witheirrigation and navigation (cheap trafsit) 
more easily than ths Godavery district; and if only 
half that quantity, or 75,000,000 acres, were so sup- 
plied, the profit, at the same low rates as those charged 
for irrigation in Madras, would be thirty-acven ata a 
half millions sterling a year, or an amount about equal 
to the whole net revenue of India at the present time! 

And not only does the Government oppose the 
utmost possible degree of passive resistance to the 
construction of such works by its own resources and 
credit, but it has actually receded from the liberal and 
statesmanlike policy which’ Induced Lord Canning’s 
Government ‘0 welcome and invite the cv-operation of 
private enterprise and capital in this beneficent enter- 
prise—of which the consequence Has been another 
disastrous famine in the fine province of Behar! “Four 
years ago Lord Canning’s Government encouraged the 
projects of private enterprise to supply Oude and Behar 
with irrigation and navigation (cheap transit); his 
Government actually requested the East India Irrigation 
and Canal Company to take up the Behar scheme, 
declaring this proiect to be “one of those of all others 
in India to which private capital should be invited ;? 
and had the Company been allowed to go to work, it 
would by this time have been in a position to relieve 
Behar, because with less than tivo years’ work it has 
begun to supply water in Orissa, where the scarcity 
was felt this season, as well as in Behar; yet because the 
Government subsequently abandoned Lord Canning’s 
policy, and decided that such works should not be 
entrusted to private agency, it has fenced With the 


+ 


20 


above. Company for four year’, it has declined its aid 
and done nothing itself, and therefore Behar has once 
more suffered the agony and ruin of a famine, and is 
even now suffering from it. © 

And the reasons given, by the Government for their 
decision*that such works should not be entrusted to 
private agency—are such as literally ‘will not bear a 
moment's scfutiny. The assertion that the Ryots 
would be left “at the mercy of commercial companies, 
“Intent only on profit,”, is flatly centradicted by the 
terms of the Government “contract with such com. 
panies; which not only give the Government an 
effective control over every single operation of the 
Companies, but even forbid’ the Compani®s to deal 
with the Ryots at all!—only allowing ‘them to sell 
their water to the,Government officers, who are them- 
selves to retail it to the Ryots, as they do now in 
the irrigated districts. Moreover, the supposed danger 
of allowing Irrigation Companies to deal directly with 
the Ryots for fear they should oppress them, is met by 
the following curious fact, that in the only two dis- 
tricts where such companics have been allowed to 
construct Irrigation Works, the local Government 
officers have represented that the Cémpunies’ servants 
were so universally liked and trusted by the natives, 
that it would be much better to allow these Companies’ 


, servants to arrange direct with the Ryots for the sale of 


Sy 


watcr, as they would be sure to give more satisfaction 
to the people than the Government officers could do. 
Such is the testimony of these very officers themselves ! 
Again, I have before me aii article of one of the leading 
natite journals, ridiculing, as the extreme of absurdity, 
tha tavnenments wae at “nentoactimna the. noone 
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say such Companies, denouncing the Government's 

“anxiety lest independent capitalists ruffle the smooth 

“slavery of its Ryot tenant ;” declaring that British’rule 
has for years been destroying every spark of native 
auidependence, and “sinking the’people into a helpless- 

‘ness in the smallest ccncerns of life, which, to those 
“ who remember better times, seems & puzzle ;” whereas, 
with an honest Government for arbiter between 
English speculators and the people, this writer would 
welcome & ccnflict of interests between such classes as 
an earnest of a better state of things coming to birth, 
an escape from the sickening stagnation of native 

. society; “and he adds, ‘that only independent capital 
and enterprise, coming Between the Government and 
the Ryots, can stop the decay of native society, sow the 
seeds of better life, rouse the sleeping encrgy of ages, 
and realize his hopes “of a people independent, in 
“their prosperity, of their rulers, and asserting their 
“ own private rights without fear, openly and honestly, 
“tr the courts of the land.” 

The above explanation shows that the ostensible 
reasons of the Government for deciding that Irrigation 
Works shall not be intrusted to private agency, have 
really no foundation whatever, for it is clear from 
the above—Ist, that as a matter of fact the Ryots ate 
not left “at the mercy of commercial companies intent 
only on profit;” 2nd, that the local Government 
officers, judging from what is passing under their own 
eyes, think they might be so with perfect safety, and 
with more satisfaction to themselves; and 3rd, that 
some of the most intelligent natives wish they were so, 
and say boldly that a conflict of interest between capital 
and labour is required to regenerate India, and “ the 
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“Jess the Government comes in ,contact with the 
“‘ millions of the land, the better for-all parties !” 

Sarely, then, with every,conceivable ‘motive of 
policy, justice, humanity, and fmancial safety urging 
them to construct the works required to develope the 
resources of India, it iS shocking to see the Govern- 
mept still oppose: the same immoyabte passive resist- 
ance to the «prosecution of this beneficent enterprise, 
which, for the last thirty years, in spite of a continued 
battle, “has prevented its effectual devehoprient, and 
confined it to a mere fraction of the country, not even 
permitting it there, as Colonel Baird Smith observed, 
until forced by repeated ,famines to undertake a few 
local improvements. 

It is shocking to think that a civilized Christian 
Government should require the pressure of mahy 
more famines, involving the loss of- hundreds of 
thousands of human lives, and millions of money, as 
well as the utter destruction of cattle and agricultural 
capital over immense districts (a destruction irre- 
parable for ten or twenty years together) to force it to 
extend gradually .to the rest of India those works of 
irrigation and navigation which are so enormously 
profitable to itself, as I have shown,‘as well as to the 
pedple whom it has undertaken to govern. 

I hope it will not be go, and there are reasons for 
believing that it will not beeso; for it is notorious 

"that during the last ttn or twelve years the principal 
ground of the Government’s opposition to the exten- 
gion of irrigation and navigation generally throughout 
the country has been a disbelief in the remunerative 
character of such works, caysed py the utter failure, in 
this respect, of she Ganges Canal. It has, however, 
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now been proved by official investigations, that the ex- 
ceptional failure in this case was entircly due to funda- 
mental errers in the projection and execution of’ the 
work, errors which -vere carefully avoided in all the 
great works of Madras, so that ‘t is now certain that 
if the Ganges Canal had’ been” projected and exceated 
on the same principles of construction as thiose adopted 
in Madras, it would lorg cre now have been yielding 
enormous profits to the State, like the Madras works, 
and it may even now be rendered a highly remunera- 
tive work in spite of the extravagant and unheard of 
amount of capital invested in it, if it be remodelled on 
Madras principles,—though not otherwise! If the 
Gevernment persist in remodelling it on different prin- 
ciples, in spite of the emphatic warnings which have 
beem given them by myself, and by the public opinion 
of India, as expressed in the local journals, the Ganges 
Canal will continue to be a financial failure, though a 
failure of this sort, deliberately incurred by the 
Government, cannot be a fair argument against the 
remunerative character of all works of irrigation and 
navigation Constructed on sound principles ; that ist on 
the very different principles from those of the Bengal 
Engineers, which -have been tested by long experience 
in Madras, and have proved invariably and niost 
wonderfully successful, by the admission of the Govern- 
ment itself. oe 

I hope, therefore, that the Government, supported 
and impelled by public opinion, will resolve at length 
to. act on the principle laid down eight years ago by 
the Local Government of Madras, viz., that the works 
of irrigation and navigation, or cheap transit, necessary 
to develope the resources of India, Should be “com- 
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“‘menced at once, boldly, and on a large scale, and 
“ pushed forward throughout all times and under all 
“ circumstances,” as “ the most economical,rbecause the 
“most profitable undertakings ia which the Govern- 
“ ment can possibly epgage.” 

Three things would Ke necéssary to the carrying out 
of such a principle in India: 1st, that.the Government 
should return, to’Lord Canning’s policy of inviting the 
boundless resources of private enterprise and capital to 
aid the State by undertaking works of igrigation and 
navigation ; 2nd, that fhe ruinous and unfair system of 
constructing remunerative public works with the pre. 
carious supplies of current, revenue be finally renounced 
in practiceMis it has long Seen condemned in theory ; 
3rdly, that the Department of Public Works should be 
reorganised on the principles laid down in Mr. Dickin- 
son’s “Letter to ‘Lord Stanley,” in 1863, as abridged 
by him from the 2nd Report of the Madras Public 
Works Commissioners in 1853; so as to insure the 
tight application of, and due accounting for, the funds 
expended by the Government on “ works of internal 
“ improvement.” 2 

Trusting that the above principle will at length be 
heartily adopted by Her Majesty’s Government, after 
having had such ample experience of the “Results of 
Irrigation Works,” I will only add a few words with 
respect to the extension of Irrigation and Navigation 

* generally throughout Fndia. 

It must be observed that the upland districts could 
. not be improved so cheaply as the Delta countries, and 
that, partly from a great rise in the price of produce 
andedabour, partly from topographical peculiarities and 
different degrees of density in the population of various 
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localities, there will be considerable difference in the 
cost of works'in many districts of India, and an average 
increase of, at least three times the former cost in 
Madras, exclusive of the expense of storing water. On 
the other hand, by far the greater part of the present 
population occupy tracts*as favourable as the Delta of 
the Godavery, or more so. All the, great Delta tracts 
of the Vygar, Cauvery, Pennair, Kistnah, Godavery, 
Mahanuddy, Brahminy, and “the whole pli of the 
Ganges from. Hurdwur to the sea, are of this kind. 
Tndesa the latter is far more favourable than the Madras 
Deltas. So that the remaining populous parts of the 
country, excepting a small portion, could be irrigated 
and supplied with steam pavuation at an average rate 
of about £1 10s. per acre at present prices. At least 
five-sixths of the population, or 150,000,000, occupy 
lands of the above class, and average about 800 in- 
habitants to the square mile, making 500,000 square 
miles, which, at 500 cultivated acres per square mile, 
would be 250,000,000 acres; and this, at £1 10s.,, 
would require a capital of £395,000,000 sterling: an 
expenditure which would enable the country to bear 
fully 500,000,000 of peaple, or above three times its 
present population. If the work were carried on at. 
the rate of £40,000 a year for each district,, or 
£5,000,000 a year in all, all the great lines of cheap 
communication might be opened in five years, besides 
giving 17,000,000 of acres of irrigation; and no country 
in the world ever underwent such a transformation as 
this would make in India. 





Postscrret.—I forgot to mention one of the adyan- 
tages of entrusting hydraulic works ir India to private 
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enterprise, viz., that it would prevent thg present well- ~ 
fonnded “complaints of the impossibility. of obtaining 
redress for injuries inflicted on the native landholders 
during the construction of pubtic works by Govern- 
ment scrvants. Where the Government is judge in its 
own c&use, and there is no: appeal to an impartial 
tribunal, I“have, sometimes found it impossible to get 
partics paid «for their land which was appropriated for 
public works, In the case of private Companies there 
would be an appeal to such a tribunaly an@ no ryot . 
could have his land taken, or be otherwise injured, 
without the certainty of getting compensation. 


° 
J. KENRY, PRINTER, 40 PARKER STREET, LITTLE QUEEN STREET, W.C. 
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Sir, 

As Thave nob yet had the hSnour of any remarks on the 
subject of my letter in reply to the Ganges Canal Commission 
Report, a copy of which I submitted to you, I beg respectfully to 
bring thematter again to the notice of IL. E. the Viceroy. 

*T feel assuxed that he willasee that justice to me yequires that 
some notice shguld be taken of this communication, to say nothing 
of the incaleulable importance of this controversy in its bearing 
upon the welfare of all India; for it will cevtainly be allowed that 
the whole questidn of irrigation and navigation for all India now 
hangs upon this one poiut, viz the real causes of the failure hitherto 
of this great work. If it is owing to causes which can easily be 
avoided in future projects, and but for which jt would havé been an 
immense success like the Madras works, the g@nd obstacle to genera 
irrigation and navigation“vith all/their incalculable results, is res 
moved, and not a single objection remains toa complete system of 
hydraulic works similar to what has been done in the matter of 
vailways. . 

But, waving this part of the question, I put my present application, 
mainly upon the grownd of simple justice to nyself, 

* Tt cannot be denied that I was not allowed to have any voice at, 
all in the nominal investigation that was instituted under this Com- 
mission, Iwas neither consulted respecting the Commissioners, nor 
was ay person examined on my side of the question. No oppor- 
tunity whatever was given me of being heard, cither in person or 
tMrough any one deputed or approved by me. Had thero been, it is” 
impossible the Commission @euld Lave fallen into the gross mistakes 
they have made. . a 

The Government of India have given theif official sanction to 
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this ea parte Report, and I must respectfullyarge tft the least that 
justice demands ndéw is that my reply should be sknowledaed, and 
the judgment of Government passed upon it, aw it was on the Report 
of’my opponents, before I was heard. 

the leading points in this discussion lie in a nutghell, and are 
such that ibis impossible but that the Govamment can certainly come 

. to some definite conclusi¢n, upon them. ‘They are not obscure pro- 
fessional, points upon whichgit canebe said that non-professional 
men cannot pass judgment. 

¥ will here have {h@ honour to recapitulate two or three of the 
leading points wpon which I most caraestly request the decision of 
Government. 

Ist. In Captain Crofton’s Report he charged me with proposing a 
a new head to the canal, which would invOlve a cftting of ninety 
feet and an outlay of two and a half millions sterling; and this 
shameful charge, for which there was not a shadow of ground in 
anything I had written, received the qfficial sanction of tae Govern- 
ment (without even adding Caffiein Crofton’s own acknowledgment 
of the complete reply to that absurd idea contained in a letter some 
person had written to the Zimes) in a despatch to‘the Sceretary of 
State. - 

The Commissioners, in their Report, estimate thet such a new head 
can be carried out for £700,000, with a cutting of thirty-six feet to 
carry 80,000 cubic yards per hour (640 cubic feet per second one- 
sevent}pmore than the present canal carries; and, with the latter 
(300,060 cubic yardg§onc-third more than Captain Crofton’s # ro- 
modelled” canal is calculated ta carry. 

Thus the Commissioners themselves completely refute Captain 
Crofton’s charge, by estimating that dhe quantity of water now car- 
ried could be transmitted by a new head below the hills for about 
£600,000, or one-fourth of Captain Crofton’s estimate ; and with a 

“cutting of thirty-six fect instead of ninety. Pshow in my reply 
that this line proposed by the Commissioners is, like Captain 
Crofton’s, quite a false Tine ; ard thgt even with the levels we now 
have, the new head would,really cost only about £150,000, with a 
entting of say twenty fect, against Captain Crofton’s two and a 
half millions, and nincty feet ; and there can be little doubt but 

»that with a more careful examination of the ground, and exact cel- 
culations, the cost would be below thi 

Yow I must respectfully ask whether it would not be just in the 
Governmeft official, to exoneratt: me ffom the gross charge made 
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by Captain Crafton, as they have oilicially sanctioned jt defore 
enquiry 4 . : : 

2nd. The Cammisgioners estimate a weir across the Ganges be- | 
low the hills ap £450,000, for a river carrying thirty-five inill‘on 
cubic yards yer hour, or £13,000 per millign cubic yards of"dis- 
charge. I gave the actugl cost of eight much larger weirs already 
in operation in precisely similar sandy rive, which afford an average 
of £500 per million subic yards, “So that*the Commissioners’ rate is 
actually twenty-sig times thas which such works have been proved 
to cost. Now whatywould be said if an enginger wert to send iy’ a 
project for a railway on the plains of tho Ganges, royghly est®nating 
it at £520,000 a mile, twenty-six times the average cost of those 
already cosstructed there, which is £20,000 a mile. There is no 
difference Whatower between this xwwen-and the others as to their 
nature, excepting that it is in comparison quite insignificant in 
volume and depth. The extrome depth in this case from the bot 
tom of a hole in the bed to the top of the flood is only twenty-one 
fegt ; that of one of the others, thyMistnah, is seventy feet. The 
only difference%the Commissioners state is in the size of the sand, 
as if it would make an appreciable difference in the cost of such a 
wrk whether the sand was fine or coarse, 

T urge this point, too, as one of which nortprofessional men are 
perfectly competent to judge ; and it is impossible but that any one 
must sce that such an estimate stamps the whole Report which con- 
tains it as utterly absurd and worthless. No men could make such 
a migtake unless they were under the influence of an overwhelming 
bias, foyT cannot of course suppose ,that they gave a wilfully false 
estimate, as Y havo been accused of doing by two of my opponents 
officially and publicly. 7 
“8rd. In Sir Proby Cautly’s papers on this proposition for a new 
head (sce p. 79 to 83 Gf his “ Disquisition,”) he says that a weir here 
“would cost more Thaytalh the, works Pm Hurdwar to Nawarres’™ 
(a,million sterling), “that it would inundate eighty square miles, 
destroying many cultivated villages, desolating the country with 
fever, &e.” Not a word of all this is found in the Commissioners’ 

teport, though certainly from the whole tenor of it, it is evident that 
they would gladly have supported Sir Proby in this, if they could? 
an these things I cannot but obserte here how inpfoPitble it 
would have been for a just and impartial Commission to have this 
overthrown my opponents, withott an honest acknowledgment {pat 
in these things I had beer® grossly misrepresented, and™that their 
examination thus fully supported in tae main,niy view of the case. 
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4th, In L my paper I give the actual increase . of reyenue, &e. due 
to the works in Madras, in figures, showing n ilicrease of revenue 
in Godayory of £270,000 a year, by an expenditure of £500,000, 
‘The Coramissioners write pages saying that they consider the profits 
to haew been greatly exaggerated, &c. but not one ‘“wprd do they 
write in refutation of these plain figfires. If these returns were 
all false, of course they could be shewn to*be so Mout what are we 
to think of a denial which edocs not contain 9 single figure, and 
which ov@n carefully avoids tie mention of the actual returns of 
revenue, &e. and any ppinion as to what the agtual profits were ? 
Did the Commigsiofiers think the profits were one-half or one- 
fourth. of those stated. They could not give a figure, or hazard a any 
definite opinion on the subject. The fact was, there was4e money 
in the treasury, and there was no possibility of getting ridof it ; and 
therefore the only possible Tray to deal With the ease, in order to 
avoid acknowledging the reality of the profits, was to say, “We 
don’t think, &e.” 

By referring to the following gured statements, it will be seep 
at once why nothing is said in reffitation of theme and why no 
figures at all are given in the Commissioners’ Repor’, in connection 











with this point, of the profits on the Madras works. : 
Ganges. Godavery. 
£ £ 
Cost of Works to present time ... «ee 2,100,000 500,000 
Interest, without allowing for compound 
interest +. ose toe eae 900,000 ° 
* Total capital iar ... 3,000,000 ‘$50,000 
Receipts last year eee ane * eee 134,000 
Supposed increase of land tax... vee 30,000 
= fdepes “64,000 
Increase of revenue fe Parr tee see 970,000 
. 
Per-centage of gross receip®s on vapital =... 5g 54 
-Deduct expenses eee we £60,000 2 
For tiMigodavery about « £15,000 3 
Ne} profit per cent oe As use 33 51 
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And to show Iw uch of this 51 per cent. on the Godavery 
is due to the works} I compare it with the progress of the ‘hndjoining 
districts, 


Average rovenge of Ying: gapatam, Vellore, Cuddapah, of i 
Bellarygand Kurnool for 5 years, to 1846 1,038,000 
Ditto for 18616... Fn kes ss ws 1,215,000 

e 4 —_ 
Tnerease oN et Oe ane 156,000 
ov 15%per tent. 

But much of thig also is due to improved Qrigatiom Pe 

Again, average revenue of Gpdavery before 1826 ae 425,000 

Revertue of 1865-6 — as aoe Sea 492,000 

~~ ae 

Increase in Gofavery im same period Qs... eee 267,000 


or 120 per cent. 

Allowing only one-third of the increase in the other districts to 
be due toamproved irrigatiog, it leaves an increase there of only 10 
per cent. against 120 per cegt. ial"Godavery, so that we cannot be 
wrong in considering that 1}-12ths of the increase there is due to the 
works. Agaif, the cost of irrigating 800,000 acres in Godwarry 
is £500,000, or 12s. an aere, and the actual water rent now paid 
on one erop is eight shillings an acre, which is 66 per cent. 

And as with the revenues, so with the exports and internal traffic. 








Average exports hy sea before 1846 eee we £57,000 
Exports of 1865-6 fa se ate s+ 890,000, 
iS: . ot 

Incrgase one af os we $833,000 

. or 1500 per cent. 

Number of boats on ain canalin 1851, the first year, 1,000 
Ditto in 3 months of 1865... ase 5,250 

Which would give per annum... ae 21, “00 


e And these probably double the size, of ‘the former ones. 
Tnerease, about 42-folde * 

If seven commission's were apointed, they could not get rid of 
such plain figures as these. 

5th. The Commission§ themselves ave shewn that it was quite 
Practicable to lead off water from below the hills from both thet 
Jumna and the Ganges, and that*by their own estimates, at much 
less cost (about half a milljon less) than by the present head ; s@that 
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they fully support my main point, that the great mijtake was going 
up into the hills for,the water. Ought not the’ Commisgioners to 
have honestly and broadly stated that they considered that I was 
perfpetiy right in the main point of all in the contgoversy? The 
saving.of half a million in leading the water from the giver to the 
ridge of the Dooab ayould alone, if thee had keen no other saving 
from avoiding other great guistakes, have totally altered the-results, 
‘both shortening the time eof constryction, api diminishing the 
capitgl antl the accumulated interest ; so that instead of yielding 34 
per-cent. net aféer 20 ygars, it would have yielded, if this mistake 
alone has. been avoidéd, and taking the Commissioners’ own estimates, 
cight oz ten per cent. five years ago. And, taking the real- cost 
of the proposed head at £100,000, which is the utmost# would 
have cost twenty years ago, there would have bean a Saving of 
nearly a million in cost alone,’ besides interést, and about half the 
tine ; so thet the works would have been yielding at least twelve per 
cent. ten years ago—so ruinous was this fundamental njstake of 
geing up into the intricate hill-cgruntry ‘Yor the water, when it could 
be had, even by the Commissioners’ ofrn showing, frém a part of 
the river clear of all the“difficulties, Tt is of the ntmest importance 
to keep this great point in view, because it proves, even upon thé 
finding of a hostile comfnission, that there is not a vestige of ground 
of doubt about the profits on irrigation generally to be drawn from 
the Ganges Canal, but quite the contrary. 

64th. T have thus satisfactorily established, with the concurrence 
ef the Commissioners, that this work, if tolerably correctly pyp- 
jected, would have been a magnificent suecess in point of direct 
return, as*well as of other things, fastcad of a grievous fifilure ; and 
that it would have beer the strongest possible support of irrigation 
and navigation generally, instead of the grand obstacle to it, as it 
now is. ¢ 

7. fib, The last point I beg here to bring before t]® Government is 
the“éssential one of transit generally. On this point the Com- 
missioners and myself are directly, at issue ; and I must insist upon 
it, that upon which is right must depdhd in a fundamental way the 
future management of India fn respect of pullic works. The Com- 
missjoners’ ideas are shewn in the short ‘ks they make on my 
urging the extension of the *avigation Allahabad. They say, 
tlfat no part of India is better provided in proportion to its area 
with the means of transport.” In’ the first place, what has this to 
4lo wih thogmatter % Upon the some gwunds, if it were true, no 
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part of India e~ght4 be provided with irrigation, or education, or 
any thing else. What’ can be the necessity for preventing famine 
in future in Orissa, when millions have died of it in every other 
part of the country # Again, it is true only one per cent, cad reac 
and write ir Bengal, but what necessity can there be for edneation 
there, when all the rest of the population are in the same dreadful 
state ofignorance ? Who cannot see thé fallacy of such arguing as 
this? But, seconéty, this quotation,frsm the Commissioners’ re- 
ports shews that they think eTailway and a common road, which earry 
frhaps 100,000 tons a year at from Id. to 6d. a mile, is just the 
same thing as a steam-boat camal to carry n&llions Of tons at 1-10th 
or 1-20th of a penny. Tlfe quotation shews that the Comrtissioners 
have neFer given the subject of transit one carcful thought. The 
carriage 5f 106,000 tofs_a year, attan-average cost of 3d. a ton, can 
scarcely have an appreciable effect on the prosperity of this immense 
population ; while the carriage of two or three millions of tons at 
1-15th of a penny would give the most astonishing impulse to the 
life of the whole country. - Cotton is now carried at 43d. a ton a 
mile, or £19 from Delhi to "Cnieatta—2d. a pound—six or eight 
times the cost of carriage thence to England. While a Calcutta 
Mherchant is bargaining to the last moment, with the owner of a 
vessel whether the freight to Liverpool is to be 38s. or 40s, per 
ton, he is submitting without a remonstrance to a charge of 
£18 for the inland carriage. Nothing can be moro contrary to 
fact, than that “no part of India is bettcr provided with the 
means of transport ” “Gian the Dooab. The lower Ganges provides” 
a cheap transit throughout the-year (though not nearly so cheap 
asa steamboat canal would afford), and the consequenée is that 
the amount of traflic is there »rodigious—several million tons a year. 


*Three million tons of beats enter and as many leave the Calcutta 


canal every year, $9 that for one ton moved in the Dooab there are 
thirty or forty in Bengal. The Commissioners think that it is not 


- a matter of the slightest importance whether India is provided with, 
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cheap and effective transit or net; whether, in contending with 
America and Egypt, Indian cottor arrives at Manchester loaded -"h_ 
a charge for inland transit of 2d. ab. or 1-20th of a penny; tor 
this is certainly the point at issue between us, Is land-carriage a sub- 
stitute for constant effective water-car' iage, or is it not? Is it the same 
thing whether the cost of transit is so high as to stop 19-20ths of 


- the traffic there would be, or is it not? And whether a work can 


carry the necessary traffic of a vast and closely populaced tiact, ar 
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only 1-20th or 1-60th part of it? Surely thir 3.0 1° question, and 
not to be evaded, as is done in the Commissioners’ Report. 

1 need not go into further detail here. I now beg to submit it to 

“the Government of India whether it can be coasister$ with justice 

to ur or for the pubee good, that this great question Should be left 
undecided, without any open official decla*ation of the conclusions 
of Government on this viti! question: and what they think ofa Report 
in which a‘great work is c: timated at twenty-ix times the actual 
average cost of similar works; in whch, on all the leading points, 
they really support -my side of the question, without any honest 
acknowledgment of it; and in which they endeavour to throw a 
doubt ujion the great profits from correctly projected irrigation works, 
without any attempt at a real refutation of the unquestionanle figures 
given, and which are taken-frot the Government zSturns, or even 
their own statement of what the returns were. 

I must also state that I have reliable information that one of the 
Conmnissioncrs would not subscribe te much that was in the Report ; 
and that another, the moment he-had az. opportunity of obiaining- 
any veal information about such works, of which he had no previous 
experience, wrote to the Seeretary to Government stating that had 
he known, what he had since learned, he could not have signed the 
Report. a a — 

Thus this Commission consisted of a chairman personally and pro- 
fessionally opposed to me; three officers connected with Bengal, and 

__ therefore necessarily under local bias, two of whom have now ob- 
jected to much that was in the Report; a d only one who might 
have been unbiassed, but had not-had the least experience in such 
great irrigation works with weirs; ll of them also perfectly aware 
that the Government had already taken a part in favour of the local 
officers, so that they could not shew any inclination to favour my 
side of the question, without fecling that they were acting in oppo- 
sition to those who had appointed them, and upon whom they 
depended for promotion, &e. And before these not a single witness ~ 
was examined on iny side, and oe who offered to answer any ques- 
i” s was refused. - 

Further, ean it be for the horour of the Government that a docu- 
mcvt should be printed professing on its title page, “to be convened 
to decide upon the propriety ~ * * * of stopping the progress~ 
of the remodelling of the canal, pending the preparation of a detached 
project AccoRDING TO THE views oF Sin ARTHUR Corroy, with a- 
eumparison-of the cost aud advantages,of tue two plans ;” while that 
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offieer was no*hea. i in the matter, but all the ideas of the eost and 
advantages of his plan were taken from his opponents ?—the actual 
so-called investigation being thus in direct contradiction to its bas 
fessed charactsr. 

I must acd that this matter cannot possib*y rest here. T#> late 
famine has convinced the public in England that there is that 
hanging upon the correct solution of thir question of irrigation and 
navigation in Indu. which is of such j aportance that all personal 
feclings and local biases must be overburne, and both sides of the 
question be brought fairly and honestly into the light. : 

The Government inust have been cither Mitisfie’ with my answer 
to th Commissioucrs on the leading points, cx they must Zave con- 
sidered at it left them in possession of the ground they had taken 
up, viz., that work atross the Gat iges would cost twenty-six times 
the average cost of similar works already in operation, or not ; that 
the Madras works have or haye not made the large returns shewn 
in the figured statements ;Mthat a new head to the canal would cost 

.two and a half millions, or £700,000, or £150,000; that it was 
right, or it WYs not, that in a professed investigation of my views 
neither T nor*any body on my side should be heard ; that that 
4vas or was not an unbiassed Commission, of) whom not one honestly 
protested against being Zalled upon to decide the question betwen 
Sir Proby Cautly and Captain Crofton on the one side, and tiyself 
on the other, while Captain Crofton was in constant attendance on 
the Commission, and actually ordered to be so, in order to “explain 
his-views ;” but I and exery body on my side were excluded, : 

My present respectful request js that the conclusions of the Go- 
vernment on these points, whatever they were, may be officially 
stated, as the Government have before officially-sanctioned the 
vharges made against me by my opponents before inquiring. 

I have the honour to be, Sir, 
Your inost obedient servant, 
- A. COTTON, 
* Lieut.-General RE. Mudras. 


Prvansford, Castlewellan, Co. Down, 
12th November, 1867. 





